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ANNIVERSARY  ADDRESS. 

I. —  Western  Australia  and  its  Ooldfields.  By  Albert  F. 
Calvert,  M.E.,  F.B.G.S.  Read  at  Anniversary  Meeting, 
16th  November  1893.     ( With  Map,  FkUe  /.). 

In  presenting  to  your  notice  the  following  brief  description  of 
the  Goldfields  of  Western  Australia,  I  desire  to  convey  to  this 
Society  my  thanks  for  the  honour  you  have  done  me  in  inviting 
me  to  be  present  before  you  this  evening,  and  thus  enabling  me 
to  deal  with  a  subject  in  which  I  take  such  a  deep  interest, 
viz.: — the  Goldfields  of  Western  Australia.  Little  has  been 
printed  about  this  vast  colony  which  I  have  not  read ;  and  I 
have  likewise  endeavoured  in  a  humble  way,  within  the  last 
few  years,  to  see  for  myself  some  evidences  of  her  future  great- 
ness. Three  times  I  have  explored  the  North- Western  district. 
On  the  first  occasion  I  started  from  London  early  in  April 
1890,  and  made  an  expedition  lasting  three  months.  Again, 
in  April  1891,  I  was  engaged  to  make  further  investigations 
oyer  the  same  line  of  country  ;  and  lastly,  I  visited  the  North- 
West  in  the  present  year.  Then,  from  time  to  time,  I  have  made 
a  point  of  sailing  to  every  port  from  Cambridge  Gulf  to  King 
George's  Sound,  sometimes  in  regular  coasting-vessels,  and 
sometimes  in  small  vessels  which  I  hired  for  the  purpose. 
From  each  of  these  ports  I  made  journeys  inland  of  varied 
duration,  and  with  various  objects  in  view. 

Western  Australia  has  at  present  three  great  obstacles  to  her 
progress.  The  first  is  physical — her  lack  of  water,  which  can 
only  be  combated  by  science.  The  second,  her  scantiness  of 
population,  is  being  slowly  removed.  The  third  can  readily  be 
surmounted,  if  confidence  in  her  great  mineral  resources  is  once 
inspired.    I  refer  to  her  lack  of  capital. 

As  will  be  seen  from  the  following  particulars  of  the  fields, 
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every  district  is  more  or  less  hampered  from  the  same  cause.  Mr 
Benou,  the  Superintendent  of  Water  Supply,  in  his  recent  report 
on  the  water  supply  at  Southern  Cross  and  Coolgardie,  draws 
attention  to  the  disasters  which  drought  may  yet  bring  in  its 
train.  He  points  out  that  the  district  is  the  most  arid  in 
Australia,  Natural  watercourses,  or  permanent  surface  waters, 
there  are  none,  not  a  single  stream  finding  its  way  to  the  sea 
for  many  hundreds  of  miles  on  either  side.  The  rainfall  is  not 
only  slight  but  uncertain.  If  next  summer  turns  out  a  dry  one, 
a  condition  of  things  may  result  which  may  easily  become 
appalling.  The  provision  for  water  at  Coolgardie  is  altogether 
insuflScient,  even  for  a  usual  summer,  so  Mr  Renou  tells  us. 
Should  the  summer  be  a  long  one,  the  crowd  of  prospectors 
and  miners  may  be  actually  caught  like  rats  in  a  trap.  Retreat, 
even  for  those  at  Coolgardie,  will  be  difficult ;  but  it  will  be 
impossible  for  them  to  stay.  At  this  locality  a  couple  of  tanks 
have  been  made,  of  which  the  Superintendent  of  Water  Supply 
says  that  one  should  hold  525,000  gallons,  while  another  is  a 
failure.  In  any  case,  he  remarks,  even  should  the  tanks  be 
filled,  their  supply  cannot  last  through  the  ensuing  summer. 
The  attempt  to  sink  wells  has  proved  abortive,  but  the  failure 
to  make  tanks  is  the  more  blameworthy  because  the  ground 
seems  to  be  excellently  adapted  for  this  purpose. 

At  Southern  Cross,  where  Mr  EoUo  is  at  present  engaged  in 
boring  operations,  it  is  a  question  whether  the  labour  which 
is  being  expended  will  be  of  much  permanent  use.  Mr  Renou 
recommends  the  utilisation  of  the  lake  at  Southern  Cross  by 
excavations,  for  the  supply  of  the  principal  mines,  and  he 
demonstrates  convincingly  that  this  can  be  done  with  compara- 
tive facility,  and  at  moderate  cost 

Science,  however,  has  come  to  the  aid  of  the  miner  and 
bushman  in  other  quarters,  and  may  be  said  to  have  vanquished 
this  horror  of  the  desert.  Queensland  and  New  South  Wales 
have  demonstrated  that  plenty  of  water  may  be  obtained  by 
artesian  boring.  Day  by  day  fresh  reports  come  in  of  the 
striking  of  water  in  one  or  other  of  the  many  bores  now  being 
drilled  all  over  the  dry  belt  of  Western  Queensland  and  New 
South  Wales.  An  enormous  area  of  that  arid  territory  has 
been  found  to  be  water-bearing,  and  drought  is  fast  losing  its 
terrors  for  the  farmer  and  squatter.  As  yet  there  is  no  indica- 
tion of  a  diminution  in  the  vast  supply  of  under-ground  water, 
owing  to  the  number  of  vents  which  the  hand  of  man  has 
opened  for  its  escape.  Just  as  irrigation  has  proved  the  salva- 
tion of  many  a  rancher  on  the  prairies  of  Colorado,  so  has 
artesian  water  rescued  from  ruin  many  a  pastoral  propeity  in 
Queensland  and  New  South  Wales. 
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Let  me  turn  for  a  moment  to  the  geographical  aspect  of  the 
Colony. 

A  perfectly  straight  line  north  and  south  divides  Western 
Austitilia  from  the  other  colonies.  It  includes  all  that  portion 
of  the  great  Island'  Continent  westward  of  129  degrees  east 
longitude.  Its  greatest  length  from  north  to  south  is  1480 
miles,  and  its  breadth  from  east  to  west  1000  miles.  Two 
thousand  miles  of  her  sea-board  is  on  the  Indian  Ocean,  and 
1000  miles  of  her  coast  is  washed  by  the  Southern  Ocean. 
There  are  six  land  divisions — viz.,  South-west,  Eastern,  Eucla, 
Gascoyne,  North-west,  and  Kimberley. 

The  South-western  Division  is  at  present  the  most  important, 
and  by  far  the  most  thickly  populated  It  naturally  sub- 
divides itseK  into  three  sections.  On  the  east,  the  line  of  river 
watershed  separates  the  more  settled  neighbourhood  from  the 
wild  interior;  then  the  great  forest  lands,  extending  about 
fifteen  mOes  from  the  sea;  and  lastly,  the  coast  districts  on 
the  south  and  west  The  Great  Southern  Railway  i*uns  from 
Albany  to  Beverley  through  the  first-named  section ;  the  finest 
timber  grows  on  the  second,  which  is  likewise  rich  in  stream 
tin,  while  coal  and  other  minerals  only  wait  development.  The 
third  again  is  unrivalled  as  an  agricultural  settlement. 

The  vast  Eastern  Division  is  only  partially  explored,  but  is 
in  many  parts  richly  grassed,  and  suitable  for  raising  cattle  and 
sheep.  This  section,  moreover,  includes  the  Yilgarn  Goldfields, 
to  which  I  shall  refer  more  fully  hereafter. 

Of  the  Eucla  Division  only  a  portion  has  been  explored.  It 
contains  some  excellent  pasture-lands,  and  when  the  water 
diflSculty  has  been  overcome  by  artesian  wells  and  other  scien- 
tific resources,  it  will  doubtless  prove  an  advantageous  field  for 
settlement. 

The  Gascoyne  Division  is  watered  by  several  rivers — viz., 
the  Gascojme,  Minilya,  Murchison,  Greenough,  and  Lyons 
rivers.  Horses,  cattle,  and  sheep  are  successfully  raised,  and 
gold  has  been  found  in  large  quantities  on  the  Murchison, 
CJascoyne,  and  Ashburton  rivers. 

The  North-Western  Division  is  watered  by  the  De  Grey, 
Shaw,  Coongan,  Fortescue,  Sherlock,  and  other  rivers  having 
their  sources  in  the  granite  ranges  of  the  interior.  This  is  a 
very  important  grazing  district,  and  here  are  the  extensive 
Pilbarra  goldfields. 

The  Kimberley  Division,  to  the  north  of  the  Colony,  covers 
an  area  of  34,000  square  miles.  Here  the  climate  is  tropical, 
but  it  is  rich  in  pasture-land,  and  its  gold  resources  have  been 
abundantly  proved.  Distance  and  difficulty  of  access  have  of 
course  prevented  its  full  development. 
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According  to  the  latest  computations,  the  total  area  of 
Western  Australia  is  678,400,000  acres,  or  1,060,000  square 
nules.  This  vast  tract  of  country,  nine  times  the  size  of 
England,  Scotland,  and  Ireland  combined,  has  just  reached  a 
population  of  60,000  souls,  entitling  the  Colony  to  an  elected 
Upper  House,  in  terms  of  "The  Western  Australian  Consti- 
tution Act,  1890." 

In  dealing  with  the  geological  formation  of  Western 
Australia,  it  may  be  stated  that  the  general  character  of  the 
auriferous  country  in  this  Colony  is  a  series  of  belts  following 
in  the  south  the  coast  line  which  is  a  little  to  the  W.  of  N.  and 
E.  of  S.  The  gold  reefs  traverse  the  lower  Devonian  schists 
which  are  more  or  less  altered  by  the  action  of  the  dioritic 
bosses  which  have  distorted  them  in  many  places.  These 
schists  lie  directly  upon  the  granite,  which  has  lifted  them  to  an 
angle  of  between  30  to  45  degrees.  The  granites  do  not  appear 
in  a  mountainous  form,  but  take  the  shape  of  low  ranges  which 
in  many  districts  have  not  outcropped  more  than  sufficient  to 
give  the  country  an  undulating  character.  It  is  these  north 
and  south  belts  where  the  diorites  and  sometimes  trachytes 
have  played  their  part,  which  are  of  exceeding  importance  from 
an  auriferous  point  of  view. 

As  we  leave  these  auriferous  belts  of  Lower  Devonian  schists, 
we  approach  more  level  country,  which  may  be  characterised  as 
Upper  Devonian  sandstones.  These  appear  to  be  almost 
entirely  devoid  of  animal  and  vegetable  life,  and  there  are  vast 
tracts  of  these  sandstones  whose  faima  might  be  reduced  to  the 
spini/ex  {triodia  irrUana).  The  annoyances  caused  by  this 
plant  the  spinifex  are  not  realised  on  this  side  of  the  globe ;  but 
the  very  name  of  this  vile  growth  is  enough  to  send  thrill  of 
horror  through  the  Australian  bushman.  These  sandstones 
occupy  a  large  area,  and  here  and  there  patches  of  clear  plains 
have  several  inches  of  salt.  In  fact  these  sandstones  are  in 
many  instances  highly  saline,  and  after  sinking  for  water,  it 
often  turns  out  too  brackish  to  be  of  any  value  for  domestic 
purposes ;  whereas  wells  sunk  in  the  schists  near  the  granites 
yield  a  supply  of  pure  and  wholesome  water. 

These  auriferous  belts  following  the  coast  line,  nearly  north 
and  south  are  deemed  to  be  a  system  of  parallels.  Two  of  these 
have  been  already  traced  at  intervals  and  proved  to  be  very- 
rich,  but  a  third  parallel  may  possibly  exist  further  in  the 
interior,  though  up  to  the  present  time  its  existence  has  not 
been  fully  demonstrated.  Now  these  parallels  extend  north- 
wards for  about  1000  miles,  when  the  coast  suddenly  alters  its 
geographical  contour  and  runs  eastwards.  The  auriferous  belt 
has  accommodated  itself  to  this  change  of  circumstances,  and 
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departing  from  its  original  line  swerves  round  and  follows  the 
line  of  tiie  coast,  taking  a  direction  of  a  few  degrees  north  of 
east.  This  is  an  illustration  of  how  the  geographical  features 
correspond  with  the  geological ;  or  rather,  how  the  geological 
conditions  have  evolv^  the  present  coast  lina 

The  old  "travellers'  tales,"  whether  true  or  false,  seem  to 
have  heen  utterly  ignored  by  the  early  settlers  in  this  Colony, 
and  it  was  not  until  1840  that  rich  deposits  of  lead  and  copper 
were  found  in  the  Champion  Bay  district.  Several  very  rich 
lodes  between  Geraldton  and  the  Murchison,  and  adjacent  to 
the  coast,  were  worked  by  English  companies,  in  a  raised  belt 
of  country,  extending  from  the  Geraldton  mine  on  the  Murchi- 
son river  in  the  north,  almost  to  Geraldon  in  the  south.  The 
ores  in  these  lodes  usually  consist  of  galena  (sulphide  of  lead) 
and  cerussite,  associated  with  quartz,  calcite,  bary  tes,  and  blende 
(sulphide  of  zinc).  The  galena  occurs  massive  and  crystalline, 
and  contains  very  little  silver,  any  which  is  found  being  usually  ' 
granular.  Where  cerussite  (carbonate  of  lead)  has  been  found, 
lead  poisoning  has  been  prevalent,  having  in  some  instances 
caused  a  stoppage  of  the  works.  Most  of  the  old  workings  are 
now  abandoned  and  full  of  water.  There  are  some  lodes,  how- 
ever, which  have  never  been  touched,  and  others  that  have  been 
little  worked.  Although  a  railway  was  constructed  thirty-four 
miles  in  length  from  Geraldon  to  Northampton,  these  mines 
have  been  practically  deserted  for  about  thirteen  years,  the 
chief  reason  being  the  fall  in  prices  of  copper  and  lead.  It 
is  believed,  however,  that  the  lead  mining  industry  would 
prove  remunerative  if  proper  smelting  works  were  established, 
and  the  Government  offers  a  premium  of  £10,000  for  the  first 
10,000  tons  of  metallic  lead  produced.  A  small  local  company 
was  formed  some  time  ago,  but  collapsed  through  want  of 
capital,  'after  producing  several  tons  of  pig  lead,  and  thereby 
proving  the  practicability  of  the  scheme  if  adequately  managed 
and  supported.  According  to  the  Government  geologist,  lead 
ore  dressed  up  to  83  or  84  per  cent,  can  be  obtained  in  this  dis- 
trict, whilst  the  coal  seams  on  the  Irwin  river,  about  sixty  miles 
distant,  are  quite  suitable  for  smelting  purposes,  and  there  is  an 
abundance  of  ironstone.  Since  1845,  when  the  first  shipment 
was  made,  7917  tons  of  copper  and  31,105  tons  of  lead  ore  have 
been  exported  from  this  neighbourhood. 

In  1846,  the  Messrs  Gregory  found  coal  seams  in  the  bed 
of  the  north  branch  of  the  Irwin ;  and  Dr  Von '  Sommer,  who 
reported  thereon,  soon  afterwards  stated  that  there  were  two 
seams  of  six  and  eight  feet  in  thickness  respectively.  Two 
thousand  five  hundred  and  sixty  acres  were  declared,  but 
nothing  was  done  for  many  years  ;  and  although  the  authorities 
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sent  the  Eev.  C.  G.  Xicolay  to  make  investigatioiis,  his  report 
was  such  as  to  discourage  investment  This  field,  such  as  it 
is,  has  now  passed  into  the  hands  of  the  Midland  Bailway 
Company,  who  intend  to  test  its  true  value. 

Other  minerals  in  vast  quantity  are  hidden  beneath  the 
soil  of  Western  Australia.  Of  this  we  have  abundant  proof, 
although  the  tiny  army  of  prospectors  and  miners  who  have 
tried  to  test  her  mineral  wealth  could  make  comparatively  little 
investigation  on  a  territory  of  700,000,000  acres. 

A  few  of  the  discoveries  are  as  follows : — 

Silver  has  been  found  associated  with  lead  ores  in  the 
Northampton  and  Eoeboume  districts.  Copper  exists  in  large 
quantities  in  the  Northampton  district,  and  also  at  Mullewa, 
Murgoo,  up  the  Murchison,  near  Roeboume ;  while  at  Whim 
Well  there  is  an  immense  lode. 

The  Northampton  district  is  rich  in  lead,  which  also  occurs 
in  smaller  quantities  near  Roeboume.  The  Western  Shaw  and 
Pilbarra  districts  have  produced  tin.  Iron  is  found  throughout 
these  districts,  and  one  of  the  largest  lodes  in  the  world  is  in 
the  Weld  Range. 

The  Northampton  district  yields  zinc. 

Coal  exists  in  many  parts  of  the  Colony. 

The  Gascoyne  River  and  Northampton  District  show  the 
presence  of  graphite  in  considerable  quantity.  Mica  exists  near 
the  Shaw  and  on  the  Grascoyne. 

At  the  NuUagine  kaolin  has  been  discovered. 

These  facts,  I  think,  bear  testimony  to  the  incalculable  storo 
of  mineral  wealth  which  Western  Australia's  himdreds  of 
millions  of  acres  may  be  supposed  to  conceal  from  the  eye  of 
man. 

Although  the  ancient  charts  and  maps  point  to  the  existence 
of  gold  in  Western  Australia,  modem  geologists  for  a  time 
denied  that  the  metal  was  present  in  the  colony. 

Since  the  time  when  Sir  Roderick  Murchison  proclaimed 
his  disbelief  in  the  existence  of  gold  in  the  Colony,  the  great 
auriferous  wealth  of  the  western  parallel  has  been  abundantly 
proved.  A  belt  of  gold-beariDg  country  extends  from  Phillip's 
River,  in  the  south,  up  through  the  Yilgaro,  Murchison,  Gas- 
coyne, and  Ashburton  Goldtields.  Then  there  seems  to  be  a 
parallel  further  to  the  east,  extending  from  Dundas  Hills  in 
the  south  to  Ularring  and  Kimberley  Range,  then  passing  the 
heads  of  the  Murchison  and  Ashburton  Rivera,  and  possibly 
reaching  to  Marble  Bar  and  Nullagine,  where  the  belt  may 
possibly  be  interaected  by  another,  which,  running  east  and 
west,  cuts  it  at  right  angles.  This  latter  assumption  is  not 
put  forward  as  an  ascertained  fact,  but  merely  as  a  possible 
suggestion  as  to  the  general  mn  of  the  Gold  Reefs. 
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It  is  impossible  tx)  exaggerate  the  magnificent  outlook  on 
these  vast  tracts  of  auriferous  territory.  With  the  progress  of 
exploration  and  discovery,  new  resources  of  wealth  are  appear- 
ing, and  immense  openings  are  revealing  themselves  for  the 
employment  of  capital  and  labour. 

Many  of  the  sdluvial  deposits  have  already  yielded  large 
returns  without  the  use  of  machinery.  These  cannot,  however, 
be  reasonably  expected  to  last.  The  future  prosperity  and  per- 
manence of  the  West  Australian  Goldfields  lies  in  the  working 
of  her  great  Quartz  Beefs.  To  efficiently  do  this  demands  enter- 
prise on  a  large  scale,  backed  by  capital  and  scientific  skill. 
Then  will  the  element  of  chance  be  reduced  to  a  minimum,  and 
gold  mining  be  conducted  on  a  basis  of  systematic  calculation, 
like  any  other  technical  branch  of  industry. 

Distance,  drought,  and  scarcity  of  timber,  from  which  some 
districts  suffer,  are  difficulties  of  nature,  which,  however,  can  be 
largely  overcome  by  science ;  and  the  vast  mineral  wealth  to  be 
secured  will  amply  justify  the  employment  of  best  means  known 
to  man. 

In  1882  the  late  Mr  E.  T.  Hardman  examined  the  Kimberley 
district,  and  it  was  his  report  on  the  same  territory,  three  years 
later,  which  led  to  the  establishment  of  the  gold  mining  industry 
in  Western  Australia. 

The  "  Cinderella  of  the  South  *' — as  the  Colony  has  been 
called — was  the  last  of  the  colonies  to  come  to  the  front  as  a 
gold-producing  territory.  Each  of  her  colonial  sisters  had 
already  passed  through  the  ordeal  of  gold  fever. 

In  dealing  with  the  several  Goldfields  of  Western  Australia 
in  detail,  I  propose,  in  the  first  place,  to  describe  the  last  pro- 
claimed field  of  Dundas  Hills,  which  are  situated  about  120 
miles  north  from  Esperance  Bay.  They  are  extremely  rugged 
in  appearance,  and  consist  of  bare  rocks,  timbered  here  and 
there  in  patches.  On  the  side  of  the  dry  salt  lake  they  have  a 
cliff-like  aspect,  and  many  rocks  stand  out  from  the  waterless 
lake  bed,  through  which  run  several  well-defined  reefs.  These 
are  wide,  and  seem  to  run  regularly,  the  tract  leading  into  a 
gully,  which  extends  half-a-mile  into  the  hills.  Colours  of  gold 
have  been  got  in  these  reefs;  but  little  prospecting  has  been 
done  as  yet.  The  auriferous  country  is  probably  a  narrow  strip 
running  north  and  south,  and  showing  on  both  east  and  west 
sides  of  the  hills,  which  are  mainly  of  ironstone,  with  occasional 
glimpses  of  quartz.  Several  gullies  intersect  the  hiUs,  but  do 
not  exhibit  alluvial,  nor  do  the  reefs  seem  rich  enough  for  dolly- 
ing. In  short,  this  ground,  although  very  promising,  is  not  the 
place  for  the  poor  man  or  amateur,  at  all  events  until  the  advent 
of  machinery. 


Digitized  by  VjOOQIC 


8  EDINBUBOH  GEOLOGICAL  SOCIETT. 

The  camping  ground  is  at  a  soak  in  the  gully,  surrounded  by 
hills.  Here  water  was  forthcoming  during  several  months  this 
summer,  suflBcient  for  thirty  men  and  twenty-five  horses  ;  but 
by  last  reports  it  was  nearly  dry. 

The  YiJgam  Hills  consists  of  a  low  range  about  250  miles 
east  of  Perth,  on  the  western  side  of  a  series  of  salt  lakes,  of 
which  Lake  Deborah  is  the  southernmost.  They  run  for  the 
most  part  north  and  south,  their  width  ranging  from  two  to 
three  miles.  On  the  eastern  side  they  extend,  with  gradual 
declivity,  towards  the  lakes,  being  separated  therefrom  by  a 
plain  four  to  six  miles  wide,  consisting  of  red  clay,  strewn  with 
ironstone  and  quartz. 

The  rocks  are  mica  schist,  mica  slate,  and  fla^y  quartzites, 
with  many  diorites  and  quartz  veins.  They  have  been  tilted  up 
from  the  west  by  a  large  mass  of  intrusive  granite,  which  forms 
a  rough  face  on  the  western  side  of  the  northern  hills,  and  is 
again  seen  in  the  southern  part,  appearing  above  the  plain  in 
huge  rounded  masses.  The  quartz  reefs  follow  the  strike  of  the 
rocks,  and  show  great  variety  of  character,  the  white  quartz 
being  less  clearly  defined  and  in  smaller  masses  than  the  more 
ferruginous  reefs. 

"  Yilgam  "  is  the  native  name  for  white  quartz,  and  the  first 
discovery  of  gold  in  this  district  was  made  by  Mr  H.  E.  Anstey, 
at  the  end  of  1887,  at  a  place  called  Emun,  about  twelve  miles 
north  of  Golden  Valley.  The  next  discoveiy  was  made  at 
Golden  Cross  itself,  a  few  months  later.  Then  about  the  middle 
of  1888  gold  was  found  some  forty  miles  south,  near  the  Central 
Mine  in  the  Southern  Cross  district — the  latter  place  so  called 
from  its  first  discoverer  having  been  led  thither  at  night-time  by 
the  aid  of  the  stars.  In  December  1888,  Mr  Parker,  guided  by 
a  native,  made  a  further  discovery,  some  forty  miles  to  the  south- 
east, hence  the  name  of  Parker's  Eange. 

Generally  speaking,  the  stone  is  rich,  often  containing  six 
ounces  of  gold  to  the  ton  ;  and  trial  crushings  have  shown  that 
a  very  large  mass  carries  a  remunerative  proportion.  Rich 
alluvial  deposits  have  likewise  been  found,  but  scarcity  of  water 
has  proved  a  serious  obstacle  to  progress.  Plenty  of  brackish 
water,  however,  is  obtainable,  which,  by  the  use  of  condensers, 
is  rendered  available  for  steam  purposes.  The  conservation  of 
the  rainfall  by  the  use  of  catch-dams,  however,  may  yet  supply 
the  wants  of  the  mining  population  for  domestic  and  drinking 
purposes. 

Coolgardie  is,  I  believe,  within  the  proclaimed  boundary  of 
Yilgam ;  but  as  it  is  120  miles  to  the  south-east  of  Southern 
Cross,  it  may  be  treated  as  a  separate  goldfield. 

In  October  1892,  Mr  Bayley,  a  miner  who  was  prospecting  in 
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this  neighbourhood,  made  one  of  the  richest  finds  in  the  history 
of  gold  mining.  The  news  of  the  discovery  speedily  sped  to 
Perth,  and  in  November  of  last  year,  Mr  Sylvester  Browne, 
who  happened  to  be  in  the  Colony,  travelled  to  Coolgardie,  and 
bought  Bayley's  Reward  Claim  from  its  original  holder  for 
£6000,  and  a  one-sixth  share  in  the  mine. 

Bayley's  Reward  Claim  shows  a  reef,  which  consists  of  a 
small  blow  running  in  a  north-westerly  direction,  and  under- 
lying to  the  north-eastward,  striking  across  the  line  of  country, 
which  here  runs  nearly  north  and  south.  This  reef  is  about 
nine  feet  broad  in  its  widest  part,  but  pinches  towards  either 
end  of  the  claim.  At  the  north  end  there  is  another  blow  of 
quartz,  which  strikes  north  and  south,  following  the  line  of  the 
strike  of  the  country.  This  blow  then  dips  under  the  alluvial 
flat,  but  a  reef,  on  exactly  the  same  line,  is  met  with  in  a  shaft 
in  the  gully,  after  which  it  appears  to  be  lost.  In  one  year 
Bayley's  Reward  Claim  has  yielded  half  a  ton  of  gold,  with  no 
battery,  and  here  I  have  a  photograph  showing  4205  ounces  of 
this  gold,  valued  at  about  £16,820. 

In  many  parts  of  this  colony  specimens  have  been  obtained 
on  the  back  of  the  reefe  giving  half  gold  and  half  quartz  ;  but  at 
Coolgardie  the  record  has  just  been  beaten,  as  a  sample  of  gold 
quartz,  weighing  10  lbs.,  gave  9  lbs.  of  gold ! 

The  Murchison  Gold  Fields  are  situated  about  320  miles  to 
the  eastward  of  Geraldton,  or  about  eight  days'  journey.  The 
road  for  the  first  sixty  miles  is  rather  bad,  the  first  thirty  miles 
being  chiefly  sandy  lulls,  where  water  is  scarce  ;  and  the  second 
thirty  miles  crosses  a  sandy  desert  quite  destitute  of  water. 
The  remaining  distance,  however,  leads  through  the  bush,  and 
presents  no  great  difficulty,  water  being  obtainable  at  easy 
stages. 

The  territory  begins  to  show  auriferous  signs  within  eighty 
miles  of  the  diggings,  and  several  belts  are  passed  over  which 
are  well  worth  prospecting.  '  The  fields,  as  you  approach,  are 
full  of  such  indications  as  gladden  the  eyes  of  a  practical  miner. 
Quartz  and  ironstone  in  fragments  strew  the  entire  surface,  and 
outcrops  of  the  same  are  visible  in  all  directions. 

The  proclaimed  area  of  the  Goldfields  is  32,000  square  miles ; 
the  principal  auriferous  belt  being  situated  at  the  eastern  side 
of  the  district.  It  runs  in  a  north  and  south  direction,  from 
West  Mount  Magnet  to  Austin's  Lake,  and  then  in  a  north- 
easterly direction  to  Lake  Annean  and  Yagahong.  Other  rich 
patches  exist  farther  east,  and  a  few  patches  have  also  been 
discovered  nearer  the  coast. 

These  fields  were  the  result  of  a  discovery  by  John  Connelly, 
near  Lake  Annean,  and  his  find  is  now  being  worked  at  the 
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Nannine  Mine.  It  may  be  mentioned  that  at  Mulga  Mulga 
and  Yuin  in  this  district,  gold  had  previously  been  found,  but 
not  in  paying  quantity ;  hence  the  search  was  abandoned  for 
the  time. 

The  geological  features  are  described  by  the  Government 
geologist  as  "  the  ruined  remains  of  a  vast,  high,  sandy  table- 
land, presenting  to-day  a  broken  surface,  consisting  of  salt 
marshes  or  lakes  fringed  by  salt,  sand,  clay,  and  gypsum  flats, 
from  which  rise  low  rough  hills  of  metamorphic  rocks  or  white 
clift's,  on  the  top  of  which  are  sandy  plains,  the  remains  of  the 
ancient  tableland.  There  are  no  well-defined  rivers,  but  the 
few  creeks  discharge  themselves  into  the  salt  flats,  where  the 
water  evaporates,  except  after  excessively  heavy  rains,  when 
they  overflow  into  rivers  which  run  towards  the  coast.  The 
hills  are  mostly  small  and  low,  consisting  of  ridges  of  hard 
metamorphic  rocks,  near  which  the  rich  finds  of  gold  have  been 
made.  These  are  often  capped  by  the  same  horizontally  bedded 
formation  exposed  in  the  clifis  at  the  edges  of  the  broken  table- 
lands, which  are  generally  covered  with  dense  thickets  of  low 
scrub."  As  has  already  been  said,  nature's  most  formidable 
obstacle  in  the  path  of  the  gold-seeker  throughout  the  Colony, 
is  want  of  water ;  but  the  Murchison  district  is  fairly  well  pro- 
vided, with  the  necessary  of  life.  Near  the  salt  lakes  there  is  a 
scarcity,  but  even  there,  if  the  well  be  sunk  a  short  distance 
from  the  edge,  the  water  is  found  to  be  fresh. 

In  most  of  the  mines  good  water  has  been  struck  considerably 
under  100  feet  down,  and  in  fact  it  does  not  appear  that  scarcity- 
is  likely  to  hinder  the  development  of  these  fields.  The  lack  of 
timber  is  more  to  be  dreaded  as  an  opposing  factor,  particularly 
at  the  south  end  of  the  field,  where  there  is  nothing  but  mulgar. 

The  Eiver  Ashburton,  which  is  about  500  miles  in  length, 
has  its  source  in  the  Gascoyne  Division  of  Western  Australia, 
and  flowing  in  a  north-easterly  direction,  discharges  its  waters 
into  the  Exmouth  Gulf,  in  the  North- West  Division.  Early  in 
1890,  alluvial  gold  was  discovered  in  this  district,  on  a  creek 
running  down  a  gorge  about  200  feet  deep,  between  steep  cliffs 
of  clay  slate,  capped  by  almost  horizontally  bedded  limestones. 
The  point  at  which  the  discovery  was  made,  is  about  150  miles 
from  the  coast,  and  the  Ashburton  goldfield  was  duly  proclaimed 
in  December  1890. 

The  auriferous  belt  of  country  comprised  in  the  Ashburton 
Goldfields,  extends  from  the  junction  of  the  Hardey  Eiver  with 
the  Ashburton,  a  little  to  the  north-east  of  Mount  Clement, 
following  the  latter  river  in  a  south-eastern  direction  for  about 
150  miles.  It  is  bounded  on  the  south  by  the  Barlee  Eange, 
and  a  flat-topped  table-land,  which  follows  at  a  distance  of  about 
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14  miles  to  the  south,  the  main  course  of  the  river.  To  the 
north  it  extends  across  the  Ashburton  and  Hardey  Kivers  to 
Mount  Wall  and  Mount  de  Courcy,  a  distance  in  a  northerly 
direction  from  the  river  of  from  about  20  to  30  miles,  giving  an 
auriferous  area  of  some  1800  square  miles  greater  than  the 
proclaimed  area — i.e.,  about  10,000  square  miles. 

The  rocks,  for  the  most  part,  consist  of  clay  and  chloritic 
slates,  sandstones,  and  quartzite  (the  slates  occasionally  show- 
ing good  cleavage),  and  are  intersected  by  numerous  quartz  and 
ferruginous  lodes.  I  may  remark  that  the  rocks  are  very 
similar  to  those  found  in  the  auriferous  areas  of  other  Colonies, 
but  diflFer  from  those  in  other  countries. 

In  passing  on  to  Pilbarra,  it  must  be  remembered  that  these 
fields  suffer  from  the  lack  of  opportunities  enjoyed  by  the  more 
fortunate  southern  fields.  Coolgardie  has  been  assisted  by  sen- 
sational discoveries ;  the  Murchison  has  had  the  advantage  of 
a  certain  reputation,  and  a  more  accessible  situation;  while 
Yilgam  has  been  supported  by  the  favour  of  the  Government. 
Moreover,  all  these  fields  are  in  the  southern  district,  and  are 
the  first  to  catch  the  eye  and  ear  of  the  speculator. 

It  is  an  extraordinary  thing  that  with  the  exception  of  my 
own  efforts  to  bring  Pilbarra  to  the  front,  I  am  not  aware  of  any 
other  person  outside  the  Colony  who  had  attempted  to  describe 
or  has  even  mentioned  this  important  field.  Even  the  Grovem- 
ment  Geologist,  after  devoting  sixteen  pages  of  printed  foolscap 
to  the  Murchison  fields  in  his  report  of  1893,  dismisses  this 
district  in  one  line : — "  Pilbarra  and  Ashburton,"  he  says,  "  have 
neither  proved  yet  to  be  large  reefing  districts,  so  need  not  be 
mentioned"  Pilbarra  has  truly  suffered  from  every  ill  that  a 
distant,  untried,  and  unknown  goldfield  could  be  heir  to,  but  it 
has  always  possessed  a  few  miners  having  pluck  and  knowledge 
to  test  its  capabilities.  It  is  to  the  courage,  faith,  and  per- 
severance of  these  men  that  Pilbarra  owes  its  recognised  exist- 
ence to-day,  and  the  same  pillar  of  strength  which  unearthed 
and  supported  it  in  the  past,  seems  certain  to  carry  it  onwards 
to  success  and  prosperity  in  the  future. 

The  Pilbarra  Goldfield  has  a  proclaimed  area  of  32,000 
square  miles,  and  is  situated  in  the  north-west  district  of  the 
Colony. 

Its  general  features  are  alluvial  plain,  which  follows  the 
coast-line,  broken  occasionally  by  rocky  hills,  and  a  high  table- 
land to  the  south  and  east. 

On  the  northern  edge  of  this  plateau  several  rivers  have 
their  sources,  and  cut  deep  gorges  through  the  upper  horizontally 
bedded  rocks,  which  expose  crystalline  rocks  across  the  line  of 
their  channels.    These  gorges  run  towards  the  north  and  north- 
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west,  first  through  limestone  and  quartzite  rocks,  then  through 
flats  bounded  by  rough  sandstone  and  by  deep  ravines  through 
broken  hills  of  schists,  slates,  sandstones,  quartzites,  conglom- 
erates, and  amygdaloids,  into  alluvial  plains,  from  which  rise 
occasionally  bold  hills  and  small  peaks  of  quartz,  granite,  and 
ironstone.  These  plains  stretch  to  the  sea-coast^  where  they 
are  fringed  by  mangrove  swamps,  except  where  trap-rocks  form 
a  rugged  coast.  The  amygdaloids  in  many  places  split  into 
rough  blocks,  which  become  red  or  black  on  the  surface, 
and  then  present  the  appearance  of  a  huge  heap  of  stones,  with- 
out soil  or  vegetation.  They  contain  vast  numbers  of  agates, 
crystals,  and  other  enclosures,  so  that  the  streams  permeating 
them  would  be  worth  prospecting  for  precious  stones. 

There  aye  many  subordinate  fields  within  this  great  area, 
which  probably  carries,  sleeping  within  its  veins,  countless 
millions  in  the  shape  of  virgin  gold. 

These  fields,  a^ain,  are  divided  and  sub-divided  as  claims  are 
taken  up.  I  will  endeavour  to  enumerate  and  describe  the  most 
prominent  of  these  districts  and  properties. 

The  Marble  Bar  field  lies  in  a  nest  of  low  sandstone  and  slate 
hills,  to  the  east  of  the  Coongan  River,  and  is  distant  li-om 
Eoeboume  about  275  miles. 

No  field  .that  I  have  visited,  and  no  district  of  which  I  have 
studied  the  report,  appears  to  me  to  hold  out  more  brilliant 
prospects  for  the  future. 

Without  that  modicum  of  assistance  accorded  by  the  (Govern- 
ment to  other  and  far  less  deserving  fields,  the  Marble  Bar 
Reefs  have  abundantly  proved  their  quality.  Both  this  field 
and  its  neighbour.  Bamboo  Creek,  were  opened  up  by  ideal 
pioneers  among  the  gold  finders,  whose  innate  perseverance  and 
indomitable  courage  led  them  to  penetrate  far  into  the  wilderness, 
and  encounter  inevitable  distresses  in  these  distant  wilds.  To 
these  men,  whose  chief  capital  was  their  strong  arms  and  stout 
hearts,  may  be  attributed  the  early  success  and  development  of 
these  fields. 

The  NuUagine  district  is  situated  on  a  creek  of  the  same 
name,  which  is  a  branch  of  the  De  Grey  River.  By  road  it  is 
some  300  miles  to  the  eastward  of  Roebourne^  and  about  120 
from  the  coast. 

Alluvial  workings  of  three  classes  occur. 

First,  the  alluvium  of  existing  creeks. 

Second,  the  alluvium  of  older  creek  beds,  but  in  conjunction 
with  present  streams. 

Third,  old  alluvium  deposits,  or  deep  leads,  bearing  no  relation 
to  existing  streams  or  configuration  of  the  country. 

All  three  deposits  are  very  rich,  and  the  more  recent  deposits 
very  easily  worked. 
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There  is  probably  a  grand  future  in  store  for  this  neighbour- 
hood. 

One  of  the  most  extraordinary  outcrops  in  the  Pilbarra  dis- 
trict, is  an  association  of  gold  and  antimony,  called  the  Mallina 
Mine.  Nine  shafts  have  been  put  down  in  various  parts  of  this 
reef,  showing  an  increase  in  richness  at  the  lower  depths.  I 
think  a  good  deal  of  importance  attaches  to  this  reef,  as  without 
doubt  here  is  a  mine  that  will  hold  down  to  immense  depths, 
and  is  probably  the  richest  in  the  district. 

I  come  now  to  the  last  of  the  great  proclaimed  areas  of 
Western  Australia  under  the  "  Goldfields  Act,  1886  "—viz., 
the  Kimberley  Goldfields.  Although  I  place  it  last  in  sequence, 
owing  to  its  geographical  position,  I  might  well  have  adopted  a 
chronological  method  and  placed  it  first. 

The  Kimberley  Goldfield  is  situated  in  the  north-eastern 
comer  of  Western  Australia,  and  its  principal  workings  are 
near  the  eastern  boundary  of  the  Colony,  about  200  miles  from 
Wyndham  on  Cambridge  Gulf,  and  300  miles  from  Derby  on 
King's  Sound. 

So  far  back  as  1882  the  late  Mr  Edward  J.  Hardman, 
F.RG.S.I.,  Government  Geologist,  had  actually  discovered  the 
existence  of  gold  in  the  Kimberley  district.  The  subject  may 
be  said  to  have  slept  for  three  years,  when  it  was  revived,  and 
gold  prospecting  began  in  earnest 

This  country  is  traversed  by  the  Margaret,  Mary,  Elvire, 
Panton,  and  Ord  rivers,  and  comprises  an  area  of  at  least  2000 
square  miles  so  far  as  observed,  but  it  doubtless  continues  over 
a  much  greater  extent  of  country.  The  formation  is  principally 
Silurian  schists  and  slates,  traversed  by  an  enormous  number 
of  quartz  reefs.  In  some  localities  many  of  these  occur  in  the 
space  of  a  few  himdred  yards,  and  it  is  quite  usual  to  notice 
twenty-five  or  thirty  large  reefs  while  riding  over  a  mile  of 
ground,  without  taking  into  account  the  smaller  reefs  or  veins. 
The  quartz  constituting  these  reefs  is  of  a  very  promising 
character.  It  is  a  dull  yellowish  and  grey  quartz  very  cellular 
and  vuggy,  containing  quantities  of  black  and  other  oxides  of 
iron,  together  with  casts  of,  and  often  crystals  of  iron  pyrites. 
From  most  of  the  surface  quartz  the  enclosed  minerals  have 
been  washed  away  however,  although  their  traces  are  still 
apparent. 

The  quartz  reefs  have  a  general  bearing  of  N.-E.  Some  run 
due  K  and  S.     A  few  of  them  can  be  traced  for  several  miles. 

It  is  most  probable  that  these  quartziferous  rocks  are  a  spur 
or  continuation  of  the  gold-bearing  metamorphic  rocks  of  the 
Northern  territory  of  South  Australia,  now  being  worked  with 
success. 
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A  comparison  between  the  progress  of  the  Western  Aus- 
tralian Goldfields  and  the  early  results  from  the  South  African 
Goldfields,  reveals  that  whilst  seventeen  yeara  elapsed  before 
the  South  African  Fields  produced  £200,000  of  gold,  the  Fields 
of  Western  Australia  exceeded  that  sum  in  the  seventh  year. 
It  also  shows  that  the  out-put  for  the  first  seven  years  of  the 
West  Australian  Fields  has  been  more  than  double  the  African 
out-put  for  the  first  seven  years.  Moreover,  Western  Australia 
has  exceeded  by  nearly  £70,000  the  out-put  for  the  first  fourteen 
years  from  South  Africa.  These  results  have  been  attained, 
notwithstanding  the  fact  that  hardly  any  of  the  mines  in 
Western  Australia  have  (owing  to  lack  of  capital)  as  yet  been 
eflQciently  worked,  and  that  a  very  small  portion  of  the  gold- 
bearing  area  has  as  yet  been  prospected. 

I  must  claim  your  indulgence  for  the  length  of  my  paper, 
which  perhaps  has  extended  beyond  the  ordinarily  allotted 
time ;  but  I  may  say  that  it  is  difficult  to  deal  shortly  with  a 
country  containing  nearly  700,000,000  acres ;  but  which,  in 
spite  of  all  natural  and  other  disadvantages,  gives  abundant 
promise  of  being  in  the  near  future  the  richest  mineral  territory 
in  the  world. 
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11. — The  New  Oeological  Map  of  the  Edinburgh  District*     By 
Henry  M.  Cadell  of  Grange,  B.Sc,  r.RS.E. 

(Read  ISth  January  1894.) 

The  publication  in  1892  of  the  Second  Edition  of  the  Geological 
Survey  Map  of  the  Edinburgh  District  illustrates  the  progressive 
nature  of  geological  science,  and  the  continual  advances  that  are 
being  made  in  our  knowledge  of  the  rocks  beneath  us.  When 
the  first  edition  of  sheet  32  was  published  in  1859,  the  Geolo- 
gical Survey  of  Scotland  was  in  its  infancy,  and  during  the 
thirty-three  years  that  have  elapsed  great  additions  have  been 
made  to  our  knowledge,  both  of  the  geological  structure  of  the 
district  and  of  the  petrographical  characters  of  many  of  the  rocks 
included  within  its  boundaries. 

As  a  large  part  of  the  western  division  of  the  map  between 
the  Pentland  axis  and  the  Firth  of  Forth  is  deeply  covered  with 
drift,  and  the  natural  sections  are  not  extensive  enough  to 
reveal  the  true  nature  of  the  complex  stratigraphy  of  the  district, 
it  was  in  1859  impossible  to  indicate  with  any  certainty  the 
correct  structure  of  a  great  part  of  that  area.  Since  then  the 
discovery  of  productve  oil  shale  and  the  rapid  development  of 
the  paraffin  oil  industry  has  led  to  the  opening  up,  by  pits,  mines, 
and  mineral  workings,  of  many  districts  whose  structure  would 
otherwise  have  stiU  remained  wrapped  in  their  ancient  darkness, 
impenetrable  even  to  the  searching  eye  of  the  geologist.  Not- 
withstanding the  thousands  of  borings  and  mineral  workings, 
however,  there  is  still  a  considerable  tract  of  country  west  of 
the  Pentland  axis  remaining  to  be  deciphered,  and  this  will  fall 
to  be  done  by  some  future  geologist  bent  on  handing  on  the 
lamp  of  truth  and  showing  to  a  future  generation  that  in  geology, 
as  in  other  branches  of  human  knowledge,  the  goal  of  finality 
can  never  be  perfectly  attained  to. 

Beginning  with  the  oldest  rocks,  which  appear  along  the  ridge 
of  the  Pentlands,  we  note  several  important  changes  on  the 
map.  These  are  due  not  to  any  newly  exposed  sections,  but  to 
improvements  in  the  mapping  and  petrographical  nomenclature 

•  The  original  map  waa  surveyed  geologically  by  Mr  Arch.  Geikie,  who  worked 
on  the  Western  area,  and  by  Mr  H.  H.  Howell,  who  mapped  the  Dalkeith  Coal- 
field, and  was  publiBhed  in  1859,  Sir  Roderick  Murchison  oeing  Director-General 
and  Mr  A.  C.  Kamsay  Local  Director.  The  second  edition  was  published  in  July 
1892,  after  revision  by  Sir  A.  Geikie,  F.R.S.,  H.  H.  Howell,  B.  N.  Peach,  F.R.S., 
J.  S.  G.  Wilson,  and  H.  M.  Cadell,  Sir  A.  Geikie  being  Director-General  and 
Mr  H.  H.  HoweU  Local  Director. 
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of  the  massive  rocks  of  the  range.  The  rocks  denoted  as 
Felstones  on  the  old  map,  and  composing  the  greater  part  of 
the  north-eastern  end  of  the  Pentlands,  are  now  denoted 
Porphyrites  and  Andesites,  while  several  of  the  more  ashy 
spots  are  now  recognised  as  volcanic  necks — the  plugged  up 
pipes  of  old  volcanos  piercing  the  bedded  lavas.  Interbedded 
with  the  basic  porphyrite  lavas  are  a  series  of  mere  acid  rocks 
consisting  of  rhyolites,  trachytes,  liparites  and  ashy  beds,  well 
exposed  along  the  crests  of  Carnethy  and  Scald  Law.  At  the 
base  of  these  volcanic  beds  there  is  a  great  mass  of  conglomerates 
and  sandstones  now  recognised  as  the  base  of  the  middle  division 
of  the  Old  Eed  Sandstone,  resting  in  violent  unconformability 
on  the  upturned  edges  of  the  Upper  Silurian  and  Lower  Old 
Red  Sandstone  core  of  the  range.  In  Monksbum  these  basal 
conglomerates  have  a  local  thickness  of  nearly  2000  feet,  and 
many  of  the  overlying  acid  lavas  have  recently  been  found  to 
show  beautiful  perlitic  structure  and  well  marked  rhyolitic 
banding  along  their  outcrops.  The  most  conspicuous  of  the 
"  necks  "  shown  on  the  new  map  are  those  of  the  Braid  Hills 
and  Torduflf  reservoir,  while  the  Black  Hill,  overlooking  Threip- 
muir  reservoir,  is  now  shown  as  an  intrusive  mass  of  Felsite  of 
pre-carboniferous  age,  piercing  the  Ludlow- Wenlock  shales  and 
cut  off  from  the  inter-bedded  rhyolites  on  the  south  by  a  powerful 
fault. 

The  Lower  and  Middle  Old  Red  rocks,  with  their  volcanic 
series,  are  covered  unconformably  by  the  Upper  Old  Red  Sand- 
stone, which  graduates  upwards  conformably  into  the  base  of 
the  Carboniferous  system.  At  some  places,  however,  the  Lower 
Carboniferous  strata  overlap  the  Upper  Old  Red  sedimentary 
beds,  and  in  the  neighbourhood  of  Warklaw  Hill  rest  directly 
on  the  volcanic  series.  As  the  basement  beds  of  the  Carboni- 
ferous system  are  also  red  and  conglomeratic  at  places,  it  has 
often  been  a  matter  of  opinion  where  the  dividing  line  should 
be  drawn,  in  absence  of  clear  palaeontological  evidence  on  the 
point  The  new  map  differs  markedly  from  the  earlier  one  in 
this  respect,  as  it  wiU  be  seen  that  a  wide  area  of  moorland  at 
the  S.W.  end  of  the  Pentland  ridge  which  was  formerly  included 
in  the  Calciferous  Sandstone  series,  is  now  relegated  to  the 
Upper  Old  Red,  and  at  the  north  end  of  the  range  the  red 
rocks  at  Liberton  and  in  the  district  north  and  west  of  Morn- 
ingside  are  included  in  the  same  formation. 

With  these  modifications  the  general  outline  of  the  Carboni- 
ferous system  remains  comparatively  unaltered,  and  the  changes 
now  to  be  noted  are  confined  chiefly  to  the  details  of  the 
individual  beds,  faults,  and  eruptive  rocks  in  the  Carboniferous 
area. 
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The  Calciferous  Sandstone  series,  situated  between  the  Upper 
Old  Bed  and  the  Mountain  Limestone,  includes  in  its  upper 
part  the  economically  important  Oil  Shale  series.  Before  passin<; 
on  to  this,  however,  we  may  note  that  a  great  improvement  has 
been  made  in  the  part  of  the  map  north  of  the  Forth,  which  now 
includes  in  the  Calciferous  series  a  considerable  part  of  Fife 
which  was  formerly  regarded  as  of  Carboniferous  Limestone  age. 
It  was  very  diJBBcult  to  understand  the  structure  as  explained  by 
this  part  of  the  old  map,  since  the  strike  of  the  rocks  along  the 
south  shore  westwards  from  Queensferry  is,  roughly  speaking, 
north  and  south,  and  the  boundary  line  of  the  Calciferous  series 
could  not  well  be  drawn  east  and  west  down  the  centre  of  the 
Firth  at  right  angles  to  the  strike,  without  presupposing  a  very 
laige  fault  of  whose  existence  there  is  no  clear  evidence  other- 
wisa  It  is,  however,  now  made  plain  that  the  Calciferous 
series  extends  across  into  Fife,  along  a  flat  anticline,  the  con- 
tinuation of  that  which  is  well  exposed  on  the  south  shore 
below  Hopetouu  House. 

The  most  important  additions  to  the  map  are  to  be  found  in 
the  triangular  area  between  the  Firth  of  Forth  and  Cobbinshaw 
reservoir,  at  the  south-west  comer  of  the  sheet,  within  which 
the  more  impoitant  fields  of  oil  shale  are  situated.  A  glance  at 
the  West  Calder  district  shows  how  complicated  the  structure 
is  in  some  localities.  The  rocks  are  not  only  very  variable  in 
thickness,  but  are  bent  about  into  multitudes  of  irregular  folds, 
basins,  and  domes.  These  are  in  turn  cut  up  in  all  directions 
by  faults  of  varying  dimensions,  some  of  which  run  for  miles 
across  the  country  and  extend  westwards  into  the  adjoining 
sheet,  where  their  continuations  may  be  followed  into  the  coal- 
fields of  Lanark  and  Linlithgowshire.  It  is  a  curious  fact  that 
immediately  after  we  pass  westwards  beyond  the  boundary  of 
sheet  32,  into  the  Carboniferous  Limestone  series  in  sheet  31, 
we  go  out  of  this  excessively  "  troubled "  area,  and  for  many 
miles  the  strata  are  found  striking  north  and  south  and  dipping 
steadily  westwards  with  few  important  local  variations,  the 
only  breaks  in  their  outcrop  being  at  those  places  where  the 
stnke  of  the  beds  is  interrupted  by  the  more  powerful  of  the 
faults  just  referred  to. 

In  the  West  Calder  district  the  whole  succession  from  the 
Burdiehouse  or  Camps  estuarine  Limestone  may  be  traced  upwards 
to  the  Hurlet  or  Mountain  Limestone,  and  it  is  within  this  zone 
that  the  majority  of  the  workable  oil  shales  have  hitherto  been 
found.  A  list  of  the  seams  of  shale  is  given  on  the  map,  and 
several  descriptions  of  the  section  of  the  oil  shale  group  of  the 
Calciferous  Sandstone  series  have  been  published  within  the 
last  few  years  from  information  derived  from  mining  sections. 

VOL.  Vn.  PART  I.  B 
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In  the  Broxburn  and  West  Calder  district  the  general  section  of 
the  series,  as  poblished  in  a  paper  by  me  in  the  Journal  of  the 
Iron  and  Sted  Institute  for  1888,  is  as  follows  :— 


Strata  below  the  Hurlet  Limestone,  about 

Baebum's  Shale  3  to  4  feet. 
Strata 

Mungal's  Shale  about  1  ft.  9  in. 
Strata 

Coal  and  Grey  Shale  2  feet. 
Strata,  Houston  Marl  Group     . 

Houston  Coal  and  Shale  3  to  12  feet. 
Strata,  usually  laminated  sandstones 

Fells  Shale  3  to  5  feet. 
Strata,  Broxburn  Marl  Group    . 

Broxburn  Shale  2^  to  8  feet 
Strata,  including  the  Binny  Sandstones 

Dunnet  Shale  6  to  13  feet. 
Strata,  thickness  imperfectly  known,  say 

Barracks  Shale,  resting  at  places  on  the  Burdie- 

house.  Camps,  or  Queensferry  Limestone,  thick 

ness  very  variable. 

Strata  about 

Pumpherston  Shales. 


80 


Ft 
400 

190 

170 

200 

240 

to  270 

450 

400 

780 


Apparent  approximate  thickness  of  oil  shale  group       3100 

These  figures  are  only  rough  approximations,  as  the  local 
variations  in  the  thickness  of  the  strata  between  the  recognis- 
able horizons  are  so  great  that  it  is  impossible  to  draw  up  any 
general  section  applicable  to  an  extensive  area.  At  some  places 
the  shales  which  are  elsewhere  of  economic  value  disappear  as 
oil  producers,  and  at  others  it  is  often  a  matter  of  great  difficulty, 
in  the  absence  of  well-marked  horizons,  to  identi^  the  positions 
of  some  of  the  seams  that  are  being  mined.  The  Pumpherston 
Shales  are,  for  example,  apparently  situated  below  the  Burdie- 
bouse  Limestone,  and  are  found  cropping  up  round  the  crest  of 
a  very  sharp  steep  anticlinal  dcnne,  on  the  west  side  of  which 
a  bed  resembling  the  limestone  has  been  traced  in  boring.  In 
mining  circles  the  position  of  this  shale  has  given  rise  to  much 
discussion,  as  the  evidence  for  its  geological  position  is  by  no 
means  so  clear  as  could  be  desired.  The  limestone  outcrop 
shown  on  the  map  indicates  a  deep  basin  immediately  to  the 
west  of  Pumpherston  Farm,  the  centre  of  which  is  occupied  on 
the  surface  by  a  sheet  of  intrusive  basalt^  which  at  places  cuts 
completely  across  the  strata.    The  north  end  of  the  Pumpher- 
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ston  shale  outcrop  approaches  very  near  an  outcrop  of  the 
Broxburn  shale — a  horizon  situated,  according  to  the  section, 
upwards  of  1600  feet  higher  up  in  the  series,  so  that,  in  the 
short  space  of  half  a  mile,  we  have  to  explain  a  juxtaposition 
of  two  widely  separated  seams.  There  is  no  clear  evidence  of 
an  ordinary  fault,  and  as  the  dip  is  not  sufficient  to  dispose  of 
all  this  thickness  of  strata,  it  seems  that  here  there  must  either 
be  a  local  unconformability,  or  what  is  more  likely,  a  thrust 
plane  such  as  are  found  in  the  classic  thrust  region  of  the 
north-west  Highlands,  and  have  been  ascertained  to  exist  in 
nearly  all  the  areas  of  great  geological  disturbances  that  have 
been  carefully  investigated  within  recent  years. 

The  seams  of  the  Mid-Calder  basin  again,  which  are  super- 
ficially isolated  from  any  well-known  beds,  are  now  known  to 
lie  above  the  Camps  Limestone,  and  may  thus  be  approximately 
correlated  with  the  shales  of  the  Broxburn  series. 

At  Broxburn  the  Camps  Limestone  does  not  appear  at  the 
surface,  the  outcrop  of  limestone  shown  on  the  old  map  having 
now  been  proved  to  be  nothing  but  thin  calcareous  beds  in  the 
Broxburn  Marl  group,  with  which  the  true  Burdiehouse  Lime- 
stone has  no  connection  whatever.  The  thin  blue  line  on  this 
part  of  the  old  map  therefore  disappears  in  the  new  edition, 
and  it  is  thus  clear  that  over  a  considerable  area  two  perfectly 
distinct  horizons  have  been  originally  confounded,  to  the  com- 
plete mystification  of  the  geological  structure  of  the  district. 

Passing  northwards  through  a  complex  mass  of  small  basins 
and  faults,  we  come  to  another  of  the  great  east  and  west  faults, 
a  small  part  of  which  was  recognised  when  the  original  survey 
was  made.  This  dislocation  has  now  been  traced  for  a  distance 
of  about  nine  miles  from  the  shore  at  Dalmeny,  past  Craigton, 
and  thence  westwards  to  near  the  complicated  mass  of  igneous 
intrusions  below  Binny  Craig,  where  it  seems  to  run  out  and 
disappear  along  the  strike  of  the  beds.  The  Craigton  fault  has 
a  branch  running  north-westwards  through  Hopetoun  wood 
towards  Blackness,  the  course  of  both  faults  being  clearly  trace- 
able from  the  position  of  the  limestone  and  shales  which  they 
troncate  at  various  places  between  Hopetoun  and  Queensferry. 
Few  changes  have  b^en  made  in  the  part  of  the  map  embracing 
the  coalfield  at  Bridgeness,  the  geology  of  which  has  been 
tolerably  accurately  known  for  many  years. 

One  notable  change  is,  however,  to  be  seen  in  the  mapping 
of  many  of  the  volcanic  rocks.  The  isolated  patches  of  ash 
shown  on  the  old  map  are  now  nearly  all  known  to  be  necks 
piercing  the  calciferous  strata,  and  are  mapped  accordingly. 
The  more  conspicuous  ash  necks  are  those  at  Carriden,  Binns 
Hill,  Niddry,  Ecclesmachan,  and  the  vicinity  of  Parkly  Craigs 
and  the  canal  aqueduct  at  linlithgow. 
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Two  considerable  changes  are  noticeable  in  the  mapping  of 
the  emptive  sheets  in  the  oil  shale  area.  The  first  of  these  is  in 
the  district  east  of  Morieston,  on  the  Murieston  and  linhouse 
Waters.  On  the  old  map  the  ridge  of  eruptive  rock  extending 
for  about  three  miles  eastwards  from  the  Murieston  limeworks, 
and  forming  the  high  ground  of  Corston  Hill,  is  regarded  as 
interbedded  Felstone.  This  is  now  mapped  as  one  of  the  older 
interbedded  basalt  rocks,  situated  a  short  distance  below  the 
Burdiehouse  limestone,  and  coming  up  along  the  shoulders  of 
an  anticlinal  dome,  which  is  cut  off  on  the  north-west  by  one  of 
the  large  north-east  faults.  If  this  reading  of  the  sections  is 
correct,  the  trap  must  represent  the  top  of  an  ancient  ridge, 
against  the  steep  west  side  of  which  the  overlying  strata  have 
been  deposited.  There  is  no  evidence  of  its  existence  imme- 
diately below  the  limestone  on  the  west  side  of  the  fault.  The 
latter  rock  here  crops  out  at  several  places  at  high  angles,  and 
is  apparently  resting  on  a  thick  sedimentary  series  of  beds, 
under  which  the  trap  must  therefore  within  a  very  short  dis- 
tance, have  become  deeply  buried.  Further  exposures  may, 
however,  clear  up  this  somewhat  doubtful  point  at  some  future 
date. 

The  other  notable  change  is  in  the  district  west  of  the  Pum- 
pherston  shale  outcrop.  The  small  patches  of  intrusive  basalt 
shown  on  the  old  map  have  now  been  proved  by  numerous 
borings  to  be  all  parts  of  a  thick  sheet  of  trap  extending  con- 
tinuously over  several  square  miles  between  Uphall  Station 
and  Howden,  and  cutting  at  places  completely  across  the 
strata. 

Very  little  alteration  has  been  made  in  the  mapping  of  the 
Dalkeith  coalfield,  the  boundaries  of  which  are  tolerably  well 
defined.  The  chief  change  is  in  the  separation  of  the  limestones 
on  the  east  into  zones,  and  the  addition  of  the  oil  shales  at 
Straiton  and  Burdiehouse  on  the  west.  The  shale  series,  which 
crops  out  in  that  limited  belt  east  of  the  Pentland  axis,  is,  as 
a  whole,  much  thinner  than  the  corresponding  group  on  the 
west ;  but  still  there  appears  to  be  a  general  similarity  in  the 
succession,  showing  that  the  conditions  favourable  to  the  de- 
position of  oil  shale  extended  continuously  over  the  site  of 
what  is  now  the  Pentland  ridge,  thus  leading  us  to  the  con- 
clusion that  new  fields  of  oil  shale  may  still  be  found  throughout 
a  considerable  part  of  the  district  now  included  within  this 
classic  geological  area. 
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III. — Kent's  Cavern   and  Sir  Henry  H.  HcnoortKs   **  Flood " 
Theory.    By  Ealph  Eichardson,  F.RS.E. 

(Read  18th  January  1894.) 

Two  remarkable  works  on  Geology  have  recently  appeared  from 
the  pen  of  Sir  Henry  Hoyle  Howorth,  M.P.  for  South  Salford. 
The  title  of  the  first  is  "  The  Mammoth  and  the  Flood :  An 
Attempt  to  confront  the  Theory  of  Uniformity  with  the  Facts 
of  Secent  Geology."  This  was  published  in  one  volume  at 
London  in  1887.  The  second  work  is  entitled  "The  Glacial 
Nightmare  and  the  Flood  :  A  Second  Appeal  to  Common  Sense 
from  the  Extravagance  of  some  Recent  Geology."  This  was 
published  in  two  volumes  at  London  in  1893. 

We  at  once  observe  from  these  two  titles,  fir^y,  that  Sir 
Henry  has  serious  fault  to  find  with  the  teaching  of  "  Some 
Eecent  Geology  " ;  and  secondly,  that  he  brings  on  to  the  Geo- 
logical stage  a  very  old  performer  there — viz.,  "The  Flood," 
which  is  apparently  the  veritable  old  Noachian  deluge  with 
which  we  are  all  so  familiar  in  sacred  and  profane  litera- 
ture. 

I  think  I  may  with  perfect  fairness  give  as  the  gist  of  Sir 
Henry  Howorth's  investigations  as  set  forth  in  the  works  just 
named,  that  he  considers  that  modern  glacialists,  from  Agassiz 
downwards,  have  been  entirely  wrong  in  supposing  that  the  action 
of  ice-sheets  has  produced  what  they  term  the  "  glacial  phen- 
omena "  of  the  earth's  surface.  Sir  Henry  Howorth  holds  that 
these  phenomena  were  produced  not  by  the  action  of  the  Ice- 
sheets  but  of  a  great  Flood. 

I  do  not,  however,  propose  to  meet  his  arguments  in  the 
glacial  field.  I  leave  that  to  far  abler  pens.  I  wish  shortly  to 
refer  to  his  **  Flood  "  theory  as  accounting  for  the  accumulation 
of  organic  remains  in  ossiferous  caves,  such  as  Kent's  Cavern, 
and  to  show  why  I  cannot  assent  to  that  theory. 

In  the  spring  of  1886  I  paid  a  visit  to  Kent's  Cavern,  near 
Torquay,  and  examined  its  contents  both  in  the  cave  and  in 
Torquay  Museum.  I  also  placed  myself  in  communication 
with  its  famous  explorer,  William  Pengelly,  and  received  from 
him  a  copy  of  the  address  on  Kent's  Cavern  which  he  delivered 
before  the  Royal  Cornwall  Polytechnic  Society  in  1886.  In 
November  of  that  year  I  read  a  paper  before  this  Society,  being 
the  Inaugural  Address  of  Session  1886-87,  on  the  "Antiquity 
of  Man  and  the  Discovery  of  Fossil  Mammalia  in  Devonshire 
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and  Scotland."  >  In  the  couise  of  that  address  I  minutely  de- 
scribed Kent's  Cavern,  my  description  being,  of  conrse,  based 
on  Pengelly's  lifelong  researches. 

Xow,  in  what  order  do  the  deposits  in  this  extraordinary  cave 
occur?  The  very  lowest  deposit  reached  by  Pengelly  is  a 
breccia,  of  unknown  depth,  containing  remains  of  Bear,  lion, 
and  Fox,  besides  rude,  massive  flint  tools,  establishing  the 
presence  of  Maa 

Above  this  breccia  is  a  deposit  of  crystalline  stalagmite, 
sometimes  12  feet  in  thickness.  I  beg  your  particular  attention 
to  this  stalagmite,  and  another  deposit  of  it  to  be  mentioned 
presently,  and  I  ask  you  to  listen  to  Pengelly's  description  of 
its  formation  in  his  own  words  : — 

**  The  roof  of  the  Cavern  is  of  limestone,  and  through  it,  in 
rainy  weather,  water  percolates,  slowly  in  most  cases,  but  some- 
times more  rapidly.  That  water  contains  carbonic  acid — ^the 
gas  which  is  given  off  in  an  effervescing  draughty  and  also  by  a 
burning  limekiln.  It  is  by  that  carbonic  acid  that  the  water 
dissolves  the  limestone  which  constitutes  the  roof.  It  reaches 
the  inner  surface  of  the  roof,  and  hangs  there  as  a  drop.  Yon 
go  into  the  Cavern  and  hear  a  dix)p  here  and  a  drop  there,  and 
you  know  what  process  is  going  on.  The  limestone  has  been 
dissolved  overhead,  and  as  the  water  falls  it  brings  a  particle  of 
Carbonate  of  Lime  to  the  floor,  where  it  is  precipitated  by  the 
water.  It  sooner  or  later  forms  a  little  boss — more  or  less 
conical  generally.  Thence  it  flows  away,  and  meeting  that 
flowing  from  other  such  bosses,  a  sheet  is  ultimately  formed 
which  covers  the  entire  floor.  This  is  Stalagmite,  A  part  of 
the  carbonate  of  lime  or  limestone  dissolved  by  the  water 
remains  on  the  roof,  and  by  increase  hangs  down  as  a  pendant 
That  pendant  is  Stalactite,  The  difference  is  not  one  of  com- 
position, but  one  of  place  only — the  Stalagmite  forming  the 
floor,  and  the  Stalactite  depending  from  the  roof.  The  stalag- 
mitic  sheet  or  floor  cannot  be  formed  more  rapidly  than  the 
limestone  is  dissolved,  which  again  is,  to  use  a  mathematical 
term,  a  function  of  the  amount  of  carbonic  acid  in  the  water. 
Indeed,  it  cannot  be  formed  so  rapidly  as  the  limestone  is  dis- 
solved overhead ;  for,  as  I  have  said,  a  portion  is  retained  on 
the  ceiling.  It  follows,  as  a  matter  of  course,  that  the  formation 
of  stalagmite  is  usually  a  very  slow  process  indeed."  * 

Above  the  crystalline  stalagmite  of  Kent's  Caveni  comes  a 
deposit  of  light  red  clay  loam,  which  Pengelly  terms  Cave  earthy 
and  which  abounds  with  remains  of  the  cave  lion,  lynx,  wild 

'  Trans.  Edin.  Geol.  8oc,  Vol  V.,  p.  337. 

•  Fifty-fourth  Annual  Report  (1886)  of  Royal  Cornwall  Polytechnic  Society, 
p.  62. 
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cat^  cave  hysena,  wolf,  fox,  Arctic  fox,  glutton,  badger,  cave  bear, 
grizzly  bear,  brown  bear,  mammoth,  woolly  rhinoceros,  horse, 
wild  bull,  bison,  Irish  deer,  reindeer,  hare,  beaver,  voles,  and 
iruuih/wrodus  IcUidens,  Flints,  implements,  flakes,  stone  ham- 
mers, harpoons,  &c,  were  the  remains  of  man  in  this  cave 
earth,  which  was  usually  of  unknown  depth,  but  certainly 
exceeded  4  feet 

The  deposit^  however,  which  overlaid  the  cave  earth  was  the 
most  abundant  in  its  evidences  of  Maa  Pengelly  calls  it  a 
JSUick  bandy  composed  mainly  of  small  fragments  of  charred 
wood,  and  commonly  about  4  inches  thick.  It  was,  without 
doubt,  says  Pengelly,  the  "  hearth  of  the  old  Cave-men."  366 
flint  implements,  flakes  and  chips,  a  bone  awl,  needle,  and 
harpoon,  burnt  bones  and  burnt  wood,  were  found  in  this 
deposit 

Above  this  Black  band  comes  a  second  deposit  of  Stalagmite, 
varying  from  a  mere  film  to  5  feet  in  thickness.  To  distinguish 
it  from  the  previous  or  Crystalline  Stalagmite,  Pengelly  calls  it 
Chranvlar  Stalagmite. 

Above  it  is  a  dark-coloured  mould,  of  from  3  to  12  inches 
thick,  consisting  largely  of  vegetable  matter,  which  Pengelly 
calls  the  Black  fnotUd,  and  which  forms  the  uppermost  deposit 
of  Kent's  Cavern. 

Let  me  recapitulate  these  deposits  in  descending  order — i.e., 
from  top  to  bottom : — 


Beporito.  Thioko 

Black  mould,  ^        .         .         3  to  12  inches. 
Granular  stalagmite, 
Black  band,    . 
Cave  earth,     . 
Crystalline  stalagmite. 
Breccia,  . 


Film  to  5  feet 
4  inches. 
Exceeded  4  feet 
Sometimes  12  feet 
Unknown. 


In  all,  deposits  exceeding  in  depth  23  feet  have  been  ascertained 
and  classified. 

Among  these  deposits  are  the  two  Stalagmites — one  some- 
times 12  feet  thick,  and  the  other  sometimes  5  feet  thick, 
deposits  which  occurred  at  a  long  interval  apart  from  each 
other,  and  which  (from  the  very  nature  of  their  formation,  as 
already  explained)  must  each  have  taken  an  enormously  long 
time  to  be  produced.  Competent  authorities  have  stated  that 
it  would  take  1000  years  to  produce  1  inch  deep  of  Stalagmite. 
Pengelly  goes  much  beyond  this.  But  even  taking  the  calcula- 
tion at  1000  years  per  inch,  we  find  that  the  Crystalline  stalag- 
mite here  would  take  144,000  years  to  form  ;  whilst,  long  after- 
wards, the  granular  stalagmite  would  take  60,000  years  to  form. 
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Thus  two  vast  epochs  of  the  world!s  history  would  be  occupied 
in  producing  these  two  deposits  of  Stalagmite  alone ;  whilst,  in 
addition  to  these  two  immense  periods,  a  very  great  time  is 
necessary  to  account  for  the  successive  deposits  of  the  Breccia, 
the  Cave  earth,  the  Black  band,  and  the  Black  mould. 

It  is  somewhat  startling  to  be  informed,  after  this  evidence 
of  prolonged  deposition,  extending  over  several  epochs,  that 
the  deposits  in  Kent's  Cavern  were  due  to  such  a  temporary, 
transitory,  and  altogether  inapplicable  agent  as  a  great  Flood  ! 
But  such  is  the  conclusion  at  which  I  understand  Sir  Henry  H. 
Howorth  has  arrived. 

Sir  Henry's  work,  "  The  Mammoth  and  the  Flood,"  was  pub- 
lished  in  1887,  or  the  year  following  Pengelly's  Address  on 
Kent's  Cavern  from  which  I  quoted.  But  Pengelly  began 
working  at  the  Cave  in  1846,  and  has  been  writing  on  it  ever 
since.  His  Beport  to  the  British  Association  was  finally  com- 
pleted in  June  1880,  after  the  continuous  labour  of  fifteen 
years  and  three  months  had  been  spent  on  it.  Pengelly  says 
he  went  to  Kent's  Cavern  every  day  of  his  life  from  28th 
March  1865  to  19th  June  1880. 

Singularly  enough,  I  can  find  no  reference  to  the  work  at 
Kent's  Cavern  done  by  this  veteran  and  illustrious  explorer  in 
Sir  Henry  Howorth's  volumes  on  "The  Mammoth  and  the 
Flood,"  and  "The  Glacial  Nightmare."  In  the  latter  Sir 
Henry  refers  to  Pengelly  as  "  a  very  acute  geologist,  void  of 
prejudices  "  ;  but  it  is  to  Pengelly's  opinion  on  Boulders  that  he 
is  there  alluding. 

Sir  Henry,  however,  cites  the  Eev.  John  MacEnery,  a  Boman 
Catholic  priest,  resident  at  Torquay  in  1825,  who  commenced 
in  that  year  a  series  of  researches  in  Kent's  Cavern,  and  whose 
MS.  description  of  the  Cavern  was  in  1869  (he  died  in  1841) 
edited  by  Pengelly,  and  published  in  the  Transactions  of  the 
Devonshire  Association  (XXL  196-482). 

This  is  what  Sir  Henry  Howorth  says  about  Kent's  Hole  or 
Cavern  in  his  "  Mammoth  and  the  Flood  "  (p.  203) :— "  At 
Kent's  Hole,  MacEnery  describes  the  bones  as  being  *  intermixed 
with  sand  and  gravel  and  marl,  angular  and  rounded  fragments, 
the  former  generally  limestone,  flat  masses  of  which  had 
fallen  into  the  heap  from  the  roof,  where  its  under  surface  was 
coated  with  stalactite,  cones  and  slabs  of  the  latter  scattered 
through  schists  and  slates,  and  grauwacke,  angular  and  sharp. 
The  rounded  substances  consisted  of  small  pebbles  of  limestone 
schist  and  quartz,  green  and  sand  stones.*  Again,  we  read  in 
the  official  reports  of  the  exploration  of  the  same  cavern,  that 
'rolled  stones,  not  derivable  from  the  cavern  hill,  occurred 
here  and  there  in  every  part  which  has  been  explored.     They 
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comprised  pieces  of  granite  from  Dartmoor,  crystalline  schist 
from  the  Start  and  Bolt  (15  miles  off),  and  even  of  slate  from 
the  more  immediate  neighbourhood.'  These  stones  (concludes 
Sir  Henry)  could  only  have  been  introduced  by  water." 

"  Whither,  then,"  he  continues,  a  little  further  on  (p.  209), 
"  are  we  to  turn  for  an  adequate  cause  for  the  results  which  we 
have  to  explain  ?  If  it  was  water,  as  seems  inevitable,  and  if  it  was 
not  water  in  the  shape  of  a  river,  or  of  intermittent  land-floods, 
there  seems  to  be  no  other  cause  available  than  the  great  Flood 
which  we  were  obliged  to  postulate  as  our  only  resource  in  the 
previous  chapter.  It  is  clear  that  such  a  flood  would  be 
exactly  competent  to  produce  all  the  results  we  find  in  the 
caves,  and  to  meet  all  the  difficulties  of  the  case." 

By  describing  Kent's  Cavern  as  full  of  a  rather  jumbled  up 
deposit,  according  to  MacEnery's  early  narrative  (as  I  have  said, 
he  died  in  1841),  and  by  not  taking  his  description  from  Pen- 
gelly's  recent  and  carefully  systematised  account,  Sir  Henry 
Howorth  has,  of  course,  missed  the  point  of  Pengelly's  re- 
searches. If  he  had  read  Pengelly,  he  would  have  seen  that 
there  is  in  Kent's  Cavern  not  merely  one  deposit,  but  six  suc- 
cessive different  deposits,  laid  down  at  six  different  times,  at 
vast  intervals  of  years. 

Consequently  we  should  require  not  one  Flood,  but  six 
different  Floods  to  lay  down  these  six  different  deposits.  This 
argument  at  once  disposes  of  the  contents  of  Kent's  Cavern 
being  due  to  a  "great  Flood"  as  suggested  by  Sir  Henry. 
Besides,  it  has  been  clearly  shown  that  the  two  deposits  of 
Stalagmite  are  due,  not  to  the  action  of  a  transitory  Flood,  but 
to  that  of  calcareous  drip  going  on  for  an  extremely  lengthened 
period. 

As  to  the  precise  manner  in  which  these  deposits  were  laid 
down,  that  is  purely  matter  of  speculation.  That  water  was  an 
agent  is  very  probable  with  regard  to  some  of  the  deposits,  but 
with  regard  to  the  two  deposits  of  Stalagmite,  one  12  feet  and 
the  other  5  feet  thick,  these  deposits  are,  as  I  have  said,  not  due 
to  running  water  but  to  the  calcareous  drip  from  the  ceiling  of 
the  Cave.  When  I  visited  Kent's  Cavern  I  observed  (as  I 
stated  in  my  paper)  that  "  there  are  evidences,  in  the  rounded 
form  of  parts  of  the  interior  that  the  Cave  had  once  been  swept 
by  currents  of  water,"  but  this  remark,  of  course,  applies 
only  to  the  uppermost  deposits  and  to  the  recent  history  of 
the  Cave. 

The  sixteenth  and  concluding  Eeport  of  the  Committee 
appointed  by  the  British  Association  to  explore  Kent's  Cavern, 
was  published  in  the  British  Association  Eeport  of  1880 
(p.  62).     The   Committee  consisted  of  Sir  John   FiVans,  Sir 
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John  Lubbock,  and  others,  with  Wm.  Pengelly,  F.RS.,  as 
Heporter.  I  observed  in  this  and  the  two  previous  Reports 
that  the  Committee  carefully  confine. themselves  to  a  descrip- 
tion of  what  they  found  in  the  Cavern,  and  avoid  speculation 
as  to  its  origin  or  the  mode  of  deposition  of  the  Cavern  beds. 
This  is  evidently  a  problem  of  great  obscurity  and  difficulty  ; 
and  if  I  have  shown  that  its  solution  by  a  "great  Flood,"  as  Sii* 
Henry  Howorth  suggests,  is  out  of  the  question,  the  purpose  of 
this  paper  wiU  have  been  served. 

NoU, — Since  the  above  paper  was  read,  the  following  interest- 
ing account  of  a  Cavern  at  Mentone,  similar  in  some  respects  to 
Kent's  Cavern,  appeared  in  the  Scotsman  of  20th  February 
1894:— 


THE    CAVES    AT    MENTONE. 

Much  has  been  written  about  the  Mentone  caves,  and  yet  their 
interest  is  by  no  means  exhausted.  Two  years  ago  the  scientific 
world  was  startled  by  the  announcement  of  the  discovery  of 
three  pre-historic  skeletons  in  the  Barma  Grande,  the  deepest 
of  several  caves  in  the  Baouss^  Rousse — or  I'ed  rocks — which 
form  the  eastern,  or  Italian,  side  of  the  Bay  of  Mentone.  The 
skeletons  were  lying  side  by  side,  at  a  depth  of  24  feet  beneath 
the  original  soil  of  the  cave.  All  were  above  ordinary  stature, 
and  one  was  gigantic,  measuring  as  nearly  as  can  be  estimated 
seven  feet.  The  skulls  were  of  the  dolichocephalic  or  loug- 
headed  type,  and  were  remarkable  for  their  large  facial  angle, 
good  frontal  development,  and  square  orbits. 

Three  weeks  ago,  in  removing  soil  from  the  cave  for  his 
garden,  the  owner  of  the  quarry  came  upon  another  human 
skeleton.  This  time  precautions  were  taken,  and  several 
scientific  persons,  among  whom  were  Mr  Arthur  Evans  and  Mv 
Drury  Fortarum,  V.P.  of  the  Society  of  Antiquaries,  London, 
were  present  while  it  was  being  unearthed.  This  was  done 
with  great  care,  and  occupied  many  hours.  The  present  find 
lies  13  feet  further  in  the  cave  than  the  former  skeleton,  and  at 
a  level  of  6  feet  above  them — that  is  to  say,  19  feet  below  the 
original  floor  of  the  cave.  Ten  inches  of  soil  had  been  removed, 
consisting  of  burnt  earth  and  the  remains  of  charcoal  hearth, 
which  I  had  seen  some  weeks  before.  Above  the  middle  of  the 
body  lay  a  large  stone  28  inches  by  27,  7  inches  thick,  rounded 
above  and  flat  below,  which  suggested  the  idea  of  a  small 
dolmen.  This,  however,  it  was  not  One  cannot  be  certain 
whether  the 'stone  had  been  placed  there  at  the  time  of  the 
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burial  or  had  fjEtllen  off  the  side  of  the  cavern.  Between  the 
stone  and  the  skeleton  was  about  6  inches  of  earth,  in  which 
were  many  bones  of  birds  and  the  jaws  of  rodents  (arvicola)  of 
several  species,  and  the  stump  of  a  deer's  horn  (C.  elephas)  with 
a  piece  of  the  skull  att^u^hed. 

The  skeleton  lies  along  the  eastern  side  of  the  cave,  with  its 
head  towards  the  opening ;  those  of  two  yeans  ago  lay  across 
the  cave,  with  their  heads  to  the  eastern  wall.  It  lies,  like 
them,  on  its  left  side,  in  a  somewhat  curved  position,  the  right 
1^  crosses  over  the  other  at  the  tibia,  the  ]-ight  arm  is 
extended  outwards,  the  left  is  bent  up  towards  the  head.  The 
skull,  which  had  been  broken  by  the  pick,  is  of  the  same  type 
as  the  others,  with  broad,  high  forehead,  strong  jaws,  and  pro- 
nounced supra-orbital  ridges  and  square  orbits.  The  face  is 
broad,  measuring  5^  inches  between  the  upper  external  angles 
of  the  orbits.  All  the  teeth,  including  the  wisdom  teeth,  are 
present  in  sound  condition,  but  with  the  crowiis  much  worn 
down.  So  we  infer  the  individual  to  have  been  a  man  past 
middle  age.  Near  the  back  of  the  skull  a  small  flint  knife 
was  found,  4  inches  long,  and  a  minute  carved  bone  ornament 
like  a  button.  Eound  the  head  lies  a  row  of  shells  of  Cypraea, 
IJ  inches  long,  decayed  so  as  to  be  unrecognisable.  Beside 
them  are  a  number  of  the  canine  teeth  of  deer,  pierced  through 
the  sides.  On  the  middle  of  the  forehead,  and  adhering  to  the 
skull,  are  a  number  of  small  shells  of  Nassa  Neritae,  pierced  in 
similar  fashion.  The  shells  and  teeth  evidently  formed  neck- 
laces or  cbaplets.  It  is  interesting  to  find  these  canine  teeth 
of  the  deer  employed  for  decorative  purposes.  The  North 
American  Indian  of  to-day,  whenever  he  kills  a  wapite,  im- 
mediately draws  the  four  canine  teeth,  and  treasures  them  as 
charms.  The  pre-historic  cave-dwellers  seem  to  have  had 
similar  ideas.  Only  a  small  particle  of  ochre  was  found  about 
the  skeleton.  This  substance  was  spread  in  great  abundance 
under  and  around  the  skeletons  formerly  discovered.  Indeed, 
they  seemed  to  have  been  laid  in  a  kind  of  hollow,  lined  with 
this  substance,  which  has  quite  discoloured  the  bones.  It  is 
thought  that  the  ochre  was  buried  along  with  the  corpse,  that  in 
the  other  world  the  owner  might  have  material  wherewith  to 
paint  his  body,  as  the  Kafirs  do  at  the  present  day.  In  the 
middle  of  the  breast,  below  the  chin  and  at  the  extremity  of  the 
left  hand,  lay  a  large  natural  crystal,  S^  inches  long,  of  carbonate 
of  lime,  such  as  are  common  in  the  rocks  around.  From  its 
position,  it  is  inferred  that  it  served  some  superstitious  or 
religious  puipose.  From  the  presence  of  these  things,  as  well 
as  from  the  flint  implement  buried  with  the  dead,  we  get  faint 
glimpses  of  the  religious  notions  of  these  ancient  cave-dwellers. 
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like  all  the  other  skeletons  that  have  been  found  in  this  cave, 
this  one  is  of  large  proportions.  The  individual  probably  stood 
6  feet  2  inches,  though  it  is  difficult  to  estimate  the  height 
exactly.  The  femur  is  18  inches  long ;  that  of  the  giant  found 
here  two  years  ago  is  20j^.  I  managed  with  some  difficulty,  and 
with  the  aid  of  magnesium  light,  to  take  a  photograph  of  the 
figure  as  it  lay.  The  breadth  of  the  face  is  well  brought 
out  in  it 

For  some  weeks  the  workmen  have  been  di^ng  down  to 
find  the  rock-floor  of  the  cave  at  its  mouth,  and  have  run 
a  mine  into  the  soil.  They  are  now  working  at  a  depth  of  22 
feet  below  the  level  of  the  skeletons — that  is  to  say,  4?0  feet 
beneath  the  surface  of  the  soil  before  excavations  were  com- 
menced, and  yet  the  rock  has  not  been  reached.  The  earth  is 
full  of  the  bones  and  teeth  of  animals.  Already  there  have 
appeared  those  of  the  woolly  rhinoceros,  cave  hyena,  fossil 
horse,  and  the  tusk  and  huge  vertebne  and  pelvis  of  an  elephant 
or  mammoth.  Of  the  last,  2h  feet  are  visible,  and  the  aceta- 
belum,  or  socket  for  the  head  of  the  thigh,  measures  9|  inches 
in  diameter.  Both  above  and  for  18  inches  below  this  bone  are 
lines  of  charcoal,  evidence  of  the  early  hearths  of  human  beings 
who  in  all  probability  feasted  on  this  elephant  Thd  bone 
shows  indication  of  having  been  partly  burned  in  roasting. 
Lying  beside  the  vertebrae  of  the  elephant  was  a  fine  flint 
implement,  4f  inches  long  by  2^  wide,  with  a  sharp-cutting 
edge,  and  with  one  of  its  sloping  sides  flatter  than  the  other,  as 
if  to  be  held  in  the  hand  between  the  fingers  and  the  ball  of  the 
thumb.  Mr  Evans  said  it  resembled  the  type  of  instrument 
now  or  but  recently  employed  by  the  Maoris  of  New  Zealand 
for  cutting  notches  in  the  stem  of  a  tree  they  wished  to 
ascend. 

In  the  cave  no  metal  has  been  found,  nor  any  vestige  of 
pottery,  nor  is  there  any  weapon  of  polished  stone.  Though  the 
ornaments  around  the  skeletons  and  the  bones  near  them  seem 
to  point  to  a  Neolithic  race,  the  tools  are  all  of  the  chipped 
order  and  indicate  att  earlier  age,  one  for  which  Professor  Issel 
of  Genoa  has  invented  the  name  of  Miolithic.  But  who  were 
the  men  that  ate  the  elephant,  and  who  have  left  the  traces  of 
their  fireplaces  so  w^ell  marked  in  the  deep  soil,  and  of  what 
race  was  the  man  that  used  the  flint  tool  found  beside  the 
elephant's  vertebrae?  Assuredly  Paleolithic.  The  whole  soil 
of  the  cave  is  full  of  bones,  entire  or  split  for  the  extraction  of 
the  marrow.  In  the  upper  strata  they  are  mostly  of  species 
used  for  food,  Bos  primigenius,  cervtis  of  three  species,  ibex^  boar, 
&c.  Lower  down  they  are  mixed,  herbivorous  and  carnivorous. 
Throughout  the  soil  fragments   of  flint   are   very   numerous, 
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though  perfectly-fonned  tools  are  not  plentiful.  In  the  lower 
strata  the  chips  are  larger  and  coarser  than  those  of  the  upper 
beds.  So  numerous  are  the  flakes  and  cores  that  the  cave  would 
seem  to  have  been  used  for  a  long  series  of  generations  as  a 
manufactory  of  such  implements.  The  material  was  probably 
derived  from  beds  which  are  found  not  far  oflf  on  the  hills  above, 
near  which  ochre  is  also  found.  The  flint  occurs  in  two  kinds 
of  places — sometimes  embedded  in  the  hard  conglomerate,  a 
thick  stratum  of  which  runs  parallel  with  the  coast ;  sometimes 
lying  loose  in  a  sandy,  calcareous  soil,  in  which  it  appears  to 
have  been  segregated. 

J.   E.   SOMBfiVILLE. 
MXNT0I7£,  February  1<MA,  1894. 
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IV. — Notes  on  a  Visit  to  the  Copper  Mines  of  Little  Namaqua- 
land.    By  James  Cubrie,  Jun.,  M.A. 

(Read,  16th  Febraary  1894.) 

In  the  extreme  north-west  of  the  Cape  Colony  lies  the  arid 
and  sparsely  populated  province  of  Little  Namaqualand,  separ- 
ated on  the  north  by  the  Orange  Eiver  from  the  now  German 
territory  of  Great  Namaqualand.  The  sole  harbour  on  its 
inhospitable  coast  is  Port  Nolloth,  which  aflfords  shelter  only 
to  small  vessels ;  and  practically  its  sole  industry  is  the  raising 
and  exporting  of  its  ore.  The  coast  districts  are  very  sandy, 
and  would  probably  be  desert  under  any  circumstances ;  but 
the  aridity  of  much  of  the  interior,  like  that  of  the  so-<»lled 
Kalahari  Desert,  is  due  to  it>s  extreme  rainlessness,  and  the  flora 
has  adapted  itself  wonderfully  to  these  conditions.  It  remains 
dormant  during  many  successive  seasons  of  dryness,  until  the 
moisture  of  one  favourable  summer  enables  it  to  cover  with 
verdure  miles  of  country  that  had  seemed  absolutely  desert. 
On  my  journey  eastward  the  plains  showed  no  trace  of  vege- 
tation save  low,  scattered,  withered-looking  bushes.  But  on 
that  day  there  were  a  few  slight  showers  of  rain — snow  on  the 
higher  region  round  Concordia — and  on  my  return,  six  days 
later,  the  red  soil  was  already  covered  with  a  thin  growth  of  pale 
green  herbs,  with  here  and  there  a  red  or  yellow  flower.  The 
dryness  of  the  country  is  but  ill  represented  on  many  of  the 
maps,  which  show  several  large  rivers  running  into  the  Atlantic. 
Port  Nolloth  stands  at  the  mouth  of  one  such  about  fifty  miles 
long,  but  it  is  a  very  unobtrusive  stream,  and  I  do  not  recollect 
observing  it  on  the  spot  Most  of  the  cartographers*  rivers  I  am 
afraid  are  like  the  deceitful  brooks  of  Syria,  flowing  only  after 
the  infrequent  thunderstorms,  and  soon  losing  themselves  in  the 
sand. 

About  eighty  miles  inland  are  the  mines  of  the  Cape  Copper 
Company  and  the  Namaqualand  Copper  Company.  At  the 
beginning  of  August  1889, 1  was  enabled  by  the  courtesy  of 
Mr  Phillips,  the  Superintendent  of  the  former  Company,  to 
spend  a  few  days  in  this  somewhat  out-of-the-way  district. 
The  country  has  long  been  known  to  be  copper-bearing,  and 
about  two  hundred  years  ago  Simon  van  der  Stell,.the  Dutch 
governor  of  the  Cape,  led  an  expedition  to  explore  it  But  the 
difficulties  of  transport  were  so  great  that  it  has  only  been 
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within  the  last  forty  yeara  that  anything  has  been  done  to 
develop  its  mineral  wealth.  The  two  Companies  mentioned 
above  export  more  than  30,000  tons  of  copper  ore  yearly,  which 
may  be  taken  as  roughly  equivalent  to  nearly  9,000  tons  of  the 
metal.  All  the  ore  goes  to  Swansea  in  sailing  ships,  and  is 
there  smelted.  Most  of  the  workmen  are  natives — Namaquas, 
Damaras,  Hottentots,  &c. — while  the  more  important  posts  are 
usually  filled  by  Cornish  and  Devonshire  men. 

Since  I  saw  this  district  I  have  endeavoured  to  obtain  the 
descriptions  of  former  visitors,  but  I  have  not  been  very 
suceessful.  Most  of  their  reports  appear  to  be  buried  in  the 
pigeon-holes  of  the  Cape  Government.  The  most  detailed 
description  T  have  found  is  contained  in  a  paper  by  Dr  R  N". 
Rubi(%e  in  the  Q.J.G.S.  for  1857/  He  however  mentions  only 
some  half  dozen  minerals  from  this  district ;  Scheelite,  **  in  a 
lump  of  about  a  pound  weight  .  .  .  enclosed  in  a  mass  of  red 
oxide  of  copper,"  being  the  only  one  I  have  not  seen. 

Around  Port  Nolloth,  which  consists  of  a  single  row  of 
houses,  and  for  some  distance  inland,  nothing  is  to  be  seen  but 
sandhills,  rippled  by  the  wind  and  dotted  over  with  dwarfed 
bushes.*  These  I  believe  were  more  plentiful  formerly,  but  in 
the  absence  of  any  other  fuel  they  have  been  rooted  up  and 
burned.  I  walked  for  some  distance  along  the  shore  to  the 
north  of  the  bay,  but  found  little  of  interest  beyond  traces  of  ^ 
copper  in  the  much  crystallised  quartz  veins  of  the  highly 
inclined  rocks  exposed  along  the  beach,  and  what  was  appar- 
ently an  aboriginal  ''kitchen  midden,"  with  flint  flakes,  heaps 
of  broken  sheUs,  and  one  or  two  of  the  stone  hand  hammers 
with  which  they  had  been  pounded. 

The  sand  on  the  shore  emits  a  musical  note  when  rubbed  like 
the  well-known  "  Cheeping  Sand ''  at  Lag  Bay  in  Eigg.  Hugh 
Miller  in  his  "Cruise  of  the  *  Betsy'"  refers  to  a  similar 
sonorous  sand  in  Arabia,  and  the  phenomenon  is  by  no  means 
so  rare  as  has  been  supposed.  Besides  Port  Nolloth  I  have 
observed  it  myself  at  such  widely  separated  localities  as 
Madagascar,  Sydney  Harbour,  and  Monterey  in  California. 

The  morning  after  I  reached  Port  Nolloth  I  left  early  for 
Concordia,  the  headquarters  of  the  Namaqualand  Copper  Com- 
pany. The  carriage  was  drawn  along  the  railway  by  a  team  of 
mules  at  the  rate  of  ten  miles  an  hour.  As  we  got  inland  the' 
soil  improved,  and  there  was  a  more  varied  though  still 
excessively  scanty  vegetation.  Fifteen  miles  on,  the  line  passes 
between  two  apparently  gneissic  hills  at  Ogrebis  Poort,  and 
enters  upon  a  long  plain  with  hills  on  each  side,  and  sloping 
gently  upward  to  the  east.  This  too  was  only  scantily  dotted 
with  bushes.    The  line  then  turns  southwards,  and  ascending 
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some  1500  feet  in  the  next  six  miles  (a  steam  engine  for  this 
part  of  the  journey  taking  the  place  of  the  mules)  reaches  a 
comparatively  level  plateau,  from  which  rise  ridges  and  single 
hills  of  brown  rock  with  broad  flats  between.  Many  of  these 
valleys  show  no  trace  of  the  presence  of  running  water:  in 
others  there  is  the  shallow  bed  in  which  a  stream  flows,  it  may 
be  once  in  several  years.  The  only  tree  to  be  seen  anywhere  in 
this  part  of  the  countiy  is  a  large  branched  aloe  {A.  dichotoma), 
with  a  stout  trunk  some  18  inches  in  diameter. 

There  are  a  few  springs  scattered  over  the  country,  many  of 
them,  as  might  be  anticipated,  mineral  to  a  greater  or  lesser 
extent  One  of  them — Giysfontein — ^is  passed  by  the  railway. 
It  is  slightly  chalybiate  and  deposits  sulphur,  issuing  from  a 
clayey  and,  at  the  surface  at  least,  much  decomposed  shale. 

The  country  rock  at  Concordia  is  a  much  jointed  and  dis- 
int^rated  gneiss,  granitic  in  some  places,  and  in  others  highly 
schistose.  It  is  generally  very  tough,  and  many  of  the  loose 
blocks  give  a  dear  metallic  ring  when  struck  with^a  hammer. 

The  gneiss  is  intersected  by  veins  of  quartz  and  decomposed 
felsite.  The  veins  of  the  main  system  are  quartz  and  run  east 
and  west  The  quartzose  or  felsitic  cross-courses  run  approxi- 
mately north  and  south  and  dip  to  the  east  In  the  Concordia 
property  two  cross-courses  cut  the  lodes  in  the  mines — one  at 
Wheal  Julia,  the  effect  of  which  cannot  be  ascertained,  and  one 
at  Tweefontein,  where  the  lode  appears  to  be  thrown  north  a 
few  feet  on  the  west  side  of  a  NN£  cross-course  and  a  few  feet 
south  on  the  other  side.  The  vein  at  Henderson's,  on  the  other 
hand,  seems  to  be  thrown  south  some  30  yards  by  a  NE.  cross- 
course  a  little  to  the  east  of  the  old  shafL 

The  cross-courses  are  all  barren,  but  several  of  the  east  and 
west  veins  are  metalliferoua  The  outcrop  of  these  veins  is 
recognisable  at  a  considerable  distance  by  the  red-brown  staining 
of  the  rock  caused  by  the  oxidation  and  hydration  of  the  con- 
tained magnetite,  while  close  at  hand  the  green  copper  stains 
are  the  usual  indication.  The  lodes  dip  to  the  north  about  on«i 
in  six,  but  the  walls  are  not  generally  well  defined.  The  metal 
occurs  in  pockets  and  small  leads  and  strings,  and  sometimes 
merely  spotted  through  the  quartz. 

The  principal  ores  at  these  mines  are  Blue  and  Purple  Copper 
(Bomite)  and  Yellow  Copper  (Chalcopyrite).  lley  occur 
associatcNl,  but  in  some  of  the  mines  one  and  in  some  the  other 
is  the  more  frequent  Thus  at  Tweefontein,  Ookiep,  and 
Spektakel  the  ore  is  mostly  Purple  Copper,  whUe  at  the  Flat 
Mine  it  is  yellow  and  of  too  low  a  grade  to  work  profitably  at 
present  prices.  Wheal  Julia  was  principally  Purple  Copper 
and  Hester   Maria    yellow,  but    these    are    now  apparently 


Digitized  by  VjOOQIC 


YISIT  TO  THE  COPPEB  MIKS8  OF  LITTLE  NAMAQUAXANB.      33 

exhausted.  Many  experimental  shafts  have  been  sunk  in  the 
various  metalliferous  veins  of  the  district,  but  the  first  three 
mines  above  mentioned  are  the  only  ones  at  present  being 
worked.  Neither  the  Bomite  nor  the  Copper  Pyrites  occur 
here  crystallised,  so  far  as  I  know. 

Omitting  those  minerals  which  are  merely  constituents  of  the 
rock,  the  following  species  occur  associated  with  the  copper,  or 
at  least  are  found  in  the  same  mines : — 

Molybdenite,    In  micaceous  scales,  and  also  in  large  folia. 

Galena.    Massive. 

ChalcocUe.    Massive,  rarely. 

Pyrrhotite,  At  Ookiep  East  only.  It  occurs  massive  in  con- 
siderable quantity  in  a  dark  gabbro.  It  contains  a  small  per- 
centage of  Nickel,  and  is  not  very  strongly  magnetic. 

Pyrites,  Massive.  In  some  parts  of  Namaqualand,  as  else- 
where in  South  Africa,  it  occurs  in  distorted  cubes  altered  to 
Turgite  ;  but  I  have  not  so  seen  it  at  the  mines. 

Quartz,  Not  infrequently  in  the  ordinary  terminated  six- 
sided  prism. 

Cuprite  And  Melaconite.  Formerly  in  great  abundance  at  the 
outcrop  of  the  lode  at  Wheal  Julia,  but  now  rare.  The  cuprite 
occurs  also  as  TUe  ore. 

Magnetite,  Massive,  and  very  rareljr  crystallised.  It  is  the 
most  common  impurity  in  the  ores,  and  its  elimination  is 
attended  with  some  difficulty.  A  considerable  proportion  is 
separated  by  passing  crushed  ore  over  a  wheel  armed  with 
magnets.  The  magnetite  adheres,  and  being  carried  round 
is  removed  by  a  brush. 

Malachite,  The  stains  at  the  outcrops  of  the  lodes  are  not 
very  easy  to  discriminate.  They  are  probably  mixtures  of 
various  cupric  silicates  and  carbonates. 

Pyroxene,     In  the  form  of  a  pale  green  translucent  Sahlite, 

Oamet,    Pinkish.     Species  undetermined. 

Epidote,  Brownish  green.  In  a  small  vein  imperfectly 
crystallised  with  copper  pyrites. 

Laumontite.     In  minute  brick-red  crystals  at  the  Flat  Mine. 

Biotite.     All  that  I  saw  was  much  weathered. 

AUophane,  Various  shades  of  brown  and  green.  It  is  deeply 
coloured  by  copper,  and  it  is  often  impossible  without  analysis 
to  distinguish  it  from 

CfhryeocoUa^  which  also  occurs. 

Erinite.     Grass  green  mammillations. 

EJdiU, 

Clinodase  in  radiated  fibrous  groups,  with  a  very  high  lustre 
on  the  cleavage  plane. 

Broehantite,     Groups  of  minute  dark  green  crystals. 
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Zettsomite.  Occurs  not  infrequently,  both  globular  and 
plumose. 

For  the  identification  of  the  five  last  minerals  on  this  list 
I  am  indebted  to  the  kindness  of  my  friend  Dr  Heddle.  As 
there  have  been  no  analyses,  these  five  identifications  must  be 
considered  provisional  except  in  the  case  of  the  Lettsomite. 
Dr  Heddle  also  identified  the  Laumontite,  and  confirmed  my 
identifications  of  the  remaining  species.  He  also  thought  he 
recognised  ChcUcophyllite,  but  I  have  mislaid  the  specimen.  I 
got  one  bit  with  minute  dark  green  crystals  very  likeAtacamite^ 
and  in  one  specimen  from  Springbokfontein  I  think  I  recognise 
Zaratite, 

Where  there  is  standing  water  in  the  deserted  workings 
there  is  deposited  a  pale  greenish  blue  mineral,  which  is 
doubtless  a  mixture  of  chalcanthite,  melanterite  and  other  salts. 
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V.  —  On  Two  Volcanic  Necks  in  Applecross^  JRoss-shire,  By 
J.  HoRi^  H.M.  Geological  Survey  of  Scotland.  {Com- 
municated by  permission  of  the  Director-Oeneral  of  the 
Oeological  Survey.) 

(Read  15th  February  1894.) 

In  the  course  of  my  official  work  in  Applecross  I  observed  two 
"  necks  "  in  the  south-western  part  of  the  peninsula  which  evi- 
dently represent  the  roots  of  two  small  volcanoes.  Situated  on 
the  1000  feet  plateau,  and  within  two  miles  of  the  western 
shore,  they  pierce  the  gently-inclined  beds  of  Torridon  sandstone. 
Were  it  not  for  the  bright  verdure  that  clothes  the  surface  of 
one  of  these  vents,  they  would  almost  escape  recognition  amid 
the  rocky  escarpments  and  peat-clad  dip  slopes  of  the  surround- 
ing rocks. 

Following  the  Toscaig  river  to  a  point  about  three  miles  from 
Toscaig  Bay,  it  there  receives  a  small  tributary  on  the  west  side, 
flowing  out  of  Lochan  nan  Slochd.  This  lochan  lies  along  a  line 
of  fracture  that  has  been  traced  for  a  considerable  distance  in  a 
NXE.  and  SSW.  direction ;  the  course  of  the  fault  being  in- 
dicated on  the  surface  by  a  more  or  less  prominent  hollow. 
These  necks  occur  close  to,  and  on  opposite  sides  of,  this  line  of 
fracture.  The  more  important  of  the  two  is  situated  on  the 
western  slope  of  this  hollow,  and  at  a  distance  of  about  300 
yards  from  the  south  end  of  the  loch. 

Ascending  this  slope,  the  observer  finds  an  oval-shaped  mass 
of  volcanic  agglomerate  measuring  about  180  feet  from  east  to 
west,  and  about  150  feet  from  north  to  south.  The  escarpments 
of  Torridon  sandstone,  which  there  run  nearly  north  and  south, 
may  be  followed  close  to  the  edge  of  the  agglomerate,  when 
they  are  suddenly  truncated  by  this  amorphous  mass.  On 
approaching  the  edge  of  the  vent  the  sandstones  assumed  a 
bleached  appearance,  but  the  contact  alteration  is  certainly  not 
very  pronounced.  They  are  indurated  and  break  with  a  splin- 
tery fracture,  thus  differing  from  the  normal  characters  of  the 
sandstones  and  grits. 

With  the  exception  of  a  small  patch  of  basalt  at  the  south 
end  of  the  neck,  it  is  filled  with  agglomerate  varying  somewhat 
in  character.  It  is  of  a  brownish  colour  on  some  weathered  sur- 
faces, but  in  a  fresh  fracture  the  matrix  has  a  dull  green  or  grey 
tint.  The  blocks  embedded  in  the  agglomerate  are  mainly  com- 
posed of  Torridon  sandstone  and  grit,  which  are  occasionally 
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Bubangular,  but  more  frequently  oval-fibapecL  They  are  osoally 
small,  but  some  measure  a  foot  across,  and  in  one  exceptional 
instance  4  feet  by  2  feet.  The  alteration  of  the  fragments  of 
Torridon  sandstone  is  not  very  prominent,  but  as  a  rule  they 
have  a  bleached  or  paler  tint  than  the  normal  grits  of  that 
formation :  occasionally  they  have  a  glazed  or  yitreous  i^pearance^ 
and  the  quartz-grains  are  turbid  or  semi-opalescent  But  in 
addition  to  these  Torridon  blocks  there  are  abundant  lapilli  of 
a  basic  volcanic  rock«  A  microscopic  section  of  the  agglomerate 
containing  these  basic  lapilli  ia  thus  described  by  Mr  Teall : 
"  The  lapilli  vary  considerably  in  size.  They  consist  of  por- 
phyritic  felspars,  extremely  minute  acicular  microlites  of  fel- 
spar, somewhat  irregular  transparent  spaces,  now  occupied  by  a 
yellowish  green  substance,  giving  aggregate  polarisation  and 
interstitial  matter  which  has  been  rendered  opaque  by  the 
separation  of  ferric  oxide.  They  are  uudoubtedly  altered  basaltic 
lapilli,  and  it  is  highly  probable  that  the  original  base  was  of  a 
glassy  character.  The  matrix  of  the  rock  appears  to  consist  of 
detached  grains  of  the  sandstone  and  the  finer  lapilli" 

At  the  south  end  of  the  vent,  and  within  the  maigin  of  the 
mass  there  is  a  small  exposure — a  few  yards  in  extent — of 
highly  decomposed  basalt,  so  weathered  that  it  is  difficult  to 
get  a  fresh  specimen.     It  appears  to  pierce  the  agglomerate. 

The  second  neck  occurs  on  the  east  side  of  the  fault  already 
referred  to,  and  about  500  yards  from  Lochan  nan  Slochd.  Its 
relations  are  much  obscured  by  a  covering  of  peat,  but  along  the 
northern  margin  of  the  vent  there  is  a  good  exposure  of  coarse 
agglomerate  lesembling  that  just  described  ;  the  Torridon  blocks 
bemg  of  a  larger  size.  Its  eastern  limit  is  defined  by  a  small 
feature  formed  by  the  agglomerate,  which  is  covered  with  peat 
or  turf.  At  the  south  end,  decomposing  basalt  is  exposed  in 
small  scars,  but  its  relations  to  the  agglomerate  are  not  visible. 

There  is  no  indication  of  the  age  of  these  two  volcanic  orifices- 
Basalt  dvkes  occur  in  the  immediate  neighbourhood,  and  thin 
sills  of  the  same  material  traverse  the  Torridon  sandstone  near 
Toscaig  and  Camasterach.  From  the  nature  of  the  matrix  of 
part  of  the  agglomerate,  and  the  character  of  the  basalt  piercing 
the  mass,  it  is  not  improbable  that  they  may  belong  to  some 
phase  of  the  volcanic  history  of  the  West  Highlands  during  the 
Tertiary  Period.  In  the  course  of  his  inspection  of  my  field 
work.  Sir  A.  Geikio  paid  a  special  visit  to  the  locality,  and 
after  examining  the  relations  of  these  vents  he  was  inclined  to 
regard  them  as  probably  belonging  to  the  Tertiary  Period. 

In  his  detailed  description  of  the  patch  of  Uassic  strata  at 
Applecross,  Professor  Judd  calls  attention  to  the  fact  that  they 
are  traversed  by  numerous  basaltic  sheets  and  dykes.     He 
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further  states  that  ''though  it  is  highly  probable  that  this 
patch  of  strata  was  originally  buried  under  an  accumulation  of 
lava  sheets,  which  haVe  since  been  entirely  removed  by  denuda- 
tion, yet  it  is  manifest  that  the  great  faults  which  have  clearly 
let  down  these  strata  many  hundreds,  and  perhaps  thousands, 
of  feet  below  their  original  level  into  the  heart  of  the  mountains 
of  Torridon  sandstone,  have  had  much  to  do  with  their  preserva- 
tion/' 1 

In  1874,  the  same  author,  in  his  brilliant  paper  on  "The 
Ancient  Volcanoes  of  the  Highlands,"  has  described  a  large 
neck  of  agglomerate  in  the  peninsula  of  Ardnamurchan,  form- 
ing the  headland  of  Srone  More  or  Maclean's  Nose.  The  ag- 
glomerate breccia  ''contains  numerous  angular  fragments  of  both 
the  felspathic  and  basaltic  lavas  of  earlier  Tertiary  periods,  with 
some  of  the  underlying  gneiss,  such  being  the  rocks  on  which 
the  mass  of  Bain  Shiant  is  built  up ;  mingled  with  these  are 
numerous  fragments  of  felspathic  scoriae  and  ashes,  with  many 
fractured  and  worn  crystals  of  glassy  felspar  included  in  the 
mass.' 

In  his  great  monograph  on  •'  The  History  of  Volcanic  Action 
during  the  Tertiary  Period  in  the  British  Isles"  (Trans.  Eoy. 
Soa,  Vol.  XXXV.,  p.  107),  Sir  A.  Geikie  has  described  an 
enormous  vent  filled  with  agglomerate,  about  two  miles  in 
width,  on  the  north  side  of  the  main  valley  of  Strath,  in  Skye. 
He  states  that  it  has  been  so  seriously  invaded  by  the  eruptive 
rocks  of  the  group  of  the  Bed  Hills,  that  its  original  dimensions 
and  its  relations  to  the  surrounding  rocks,  especially  to  the 
bedded  basalts,. are  much  obscured.  But  it  has  been  drilled 
through  the  Cambrian  limestone,  and,  as  the  result  of  pro- 
tracted denudation,  it  now  towers  steeply  five  or  six  hundred 
feet  above  that  formation  on  the  floor  of  the  valley.  He  refers 
to  the  agglomerate  as  a  coarse,  tumultuous  assemblage  of  blocks 
and  bombs  embedded  in  the  usual  dull,  dirty-green  matrix. 
Among  the  stones  are  amygdaloidal  basalts,  various  quartz- 
porphjrries,  and  large  masses  of  altered  Cambrian  limestone 
and  quartzite,  and  pieces  of  yellow  sandstone  and  shale 
(Jurassic).  The  rock  is  wholly  without  structure  or  strati- 
fication of  any  kind. 

From  these  descriptions  it  is  evident  that  necks  filled  with 
volcanic  agglomerate  are  a  prominent  feature  of  the  Tertiary 
volcanic  rocks  of  the  Western  Isles.  Indeed,  it  is  highly 
probable  that  others  may  be  met  with  along  the  sea-board  of 
the  mainland  between  Applecross  and  Ardnamurchan. 

*  See  Q.  J.  G.  Soc,  Vol.  xxxiv.,  p.  672.  *  /Wd.  Vol.  xxx.,  p.  268. 


Digitized  by  VjOOQIC 


38  EDINBURGH  GEOLOGICAL  SOCIETY. 


VI. — The  Intercrossing  of  Boulders  in  the  Applecross  MbmUains. 
By  J.  HoKNE,  H.M.  Geological  Survey  of  Scotland. 
{Communicated  by  permission  of  the  Director-General 
of  the  Geological  Survey.) 

(Read  15th  February  1894.) 

CONTENTS. 

1.  Introduction. 

2.  Phtsical  features  of  the  Applecross  Mountains. 

3.  Direction  op  striae  on  the  lofty  plateau  during  the  extreme 

glaciation. 

4.  Transport  op  materials  during  the  greatest  glaciation. 

5.  Sources  from  which  the  foreign  materials  were  derived. 

6.  Probable  cause  of  the  deflection  of  the  ice-sheet  in  Apple- 

cross. 

7.  Estimate  of  thickness  of  Highland  Ice-Sheet. 

8.  Valley  Glaciers. 

9.  Summary. 

1.  A  study  of  the  glacial  phenoDiena  of  the  south-western 
portion  of  the  Applecross  peninsula  furnishes  important 
evidence  regarding  the  massiveness  of  the  ice-sheet  during 
the  maximum  glaciation,  and  the  transport  of  boulders  in 
opposite  directions  during  successive  stages  in  the  history  of 
that  period.  In  the  area  north-west  of  Loch  Kishom  there 
is  clear  proof  of  one  set  of  boulders  being  carried  up  the 
valleys  facing  that  loch  and  across  the  wat^r-shed  towards 
the  Inner  Sound  of  Eaasay,  while  another  set  of  local  boulders 
has  been  borne  down  the  same  valleys  by  the  later  glaciers. 
Still  more  striking  is  the  fact  Jbhat  foreign  boulders  have  been 
first  carried  up  and  then  carried  down  one  and  the  same 
valley.  Such  phenomena  bear  a  close  resemblance  to  some  of 
those  described  by  MM.  Falsan  and  Chantre  in  their  great  work 
on  the  ancient  glaciers  of  the  bfisin  of  the  Rhone,  where  they 
attribute  them  to  a  change  in  the  direction  of  the  ice  flow 
at  different  stages  of  the  Ice  Age. 

2.  The  group  of  pyramidal  mountains  forming  the  southern 
portion  of  the  Applecross  peninsula  rises  abruptly  from  the 
shores  of  Loch  Kishom,  and  from  the  alluvial  flats  at  the  mouth 
of  the  Kishorn  river,  to  heights  varying  from  2000  to  nearly 
3000  feet.      Composed  of  gently  inclined   beds   of  Torridon 
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sandstone,  this  range  of  mountains  furnishes  remarkable 
examples  of  the  influence  of  parallel  beds  of  strata  in  the  for- 
mation of  scenery.  The  gloomy  corries  and  the  deep  narrow 
valleys  are  encircled  by  long  lines  of  escarpment  that  in  some 
instances  tower  for  1500  feet  above  the  floor  of  the  valley. 
An  observer,  stationed  on  the  watershed  between  Loch  Carron 
and  Loch  Kishom,  looking  across  to  that  noble  group  of  moun- 
tains, is  at  first  reluctant  to  believe  that  during  the  maximum 
glaciation  the  ice  must  have  crossed  Loch  Kishom  and  the  river 
at  the  head  of  that  sea-loch,  ascended  the  valleys,  and  ulti- 
mately passed  over  the  watershed  in  a  NW.  direction  towards 
the  Inner  Sound  of  Bciasay.  And  yet,  from  a  consideration  of 
the  striae  and  the  transport  of  stones,  such  a  conclusion  seems 
inevitable. 

The  whole  of  the  south-western  portion  of  the  peninsula  was 
mapped  by  me  in  the  course  of  my  oflicial  work  eastwards  to 
the  following  boundary — viz.,  a  line  drawn  from  the  head  of 
Loch  Kishom  north-west  by  Loch  Coire  nam  Faradh  to  Allt 
Coire  Attadale.  The  tract  to  the  east  of  this  limit,  including 
Ben  Bhan  (2936  feet) — the  most  elevated  part  of  the  whole 
peninsula — was  surveyed  by  my  colleague,  Mr  Hinxman.  The 
eridence  obtained  by  him  on  that  mountain  is  remarkable. 
Just  underneath  the  2750  feet  contour  line  he  found  striai 
pointing  W.  20**  N.  and  also  W.  ly  N.,  with  an  occasional  block 
of  Eastern  Gneiss  between  that  level  and  2500  feet.  Below 
the  latter  elevation  erratics  of  Eastern  Gneiss  are  fairly 
plentiful. 

3.  In  the  area  examined  by  myself,  on  the  col  between  Coire 
Attadale  and  Coire  nam  Faradh  at  a  height  of  2000  feet,  the 
direction  of  the  ice-markings  is  N.  21"  W.,  and  on  Cam  Dearg, 
between  1750  and  2000  feet  contour  lines,  the  trend  varies  from 
N.  41^*  W.  to  W.  41"  K  Again,  on  the  northern  spur  of  Sgorr 
na  Caorach  at  the  same  elevations,  the  markings  point  W.  23°  N. 
and  W.  34'*  N. 

Proceeding  westwards  to  the  lofty  plateau  crossed  by  the  road 
leading  from  Kishorn  to  Applecross,  various  striated  surfaces 
are  observable  about  a  height  of  2000  feet.  The  direction 
varies  fi-om  W.  20"* — 43°  N.,  but  in  some  instances  the  local 
glaciers  have  partly  eflaced  these  earlier  markings.  For  on  the 
plateau  above  the  zig-zag  windings  of  the  Applecross  road 
there  is  a  small  corrie  (Coire  nan  Clach)  filled  with  a  small 
group  of  local  moraines  and  thickly  strewn  with  boulders. 
The  stream  draining  the  western  slope  of  the  highest  peak  of 
Sgorr  na  Caorach  (2539  feet)  flows  into  this  corrie.  Now,  close 
by  the  road  excellent  examples  of  cross-hatching  are  visible ; 
the  older  set  pointing  W.  30'  N.,  and  the  later  or  valley  glacier 


Digitized  by  VjOOQIC 


40  KDINBUB6H  GEOLOGICAL  80CIETT. 

markings  S.  28*  W.  Similar  evidence  regarding  the  north- 
westerly flow  of  the  ice  is  found  on  Crag  Grorm  at  a  height  of 
1750  feet^  and  when  we  pass  westwards  to  Cam  Chailean  (1750 
feet)  the  sandstone  escarpments  of  that  eminence  are  finely 
striated  in  a  direction  varying  from  W.  26'  to  28*'  K 

On  referring  to  the  Ordnance  Survey  map  of  that  region,  it 
will  be  seen  that  the  watershed  firom  Ben  Bhan,  by  Cam  Dearg, 
Sgorr  na  Caorach,  Meall  Grorm  to  Cam  Chailean,  forms  a 
sinuous  line  upwards  of  five  miles  in  length,  embracing  the  most 
elevated  ground  in  the  peninsula.  And  yet  this  lofty  plateau 
has  been  striated  in  one  general  direction,  varying  from  WNW. 
to  NW.,  and  in  some  rare  instances  to  NNW. ;  the  striae  being 
found  at  all  levels  from  1750  feet  to  2750  feet.  Confirmatory 
evidence  can  be  gleaned  from  the  glaciated  sandstope  surfaces 
that  slope  westwards  to  Applecross,  Camasterach,  and  Toscaig. 
Even  by  the  shores  of  Loch  Toscaig  the  trend  is  W.  15°  K,  and 
near  Calduie,  close  by  Camasterach,  it  varies  from  W.  40°  K  to 
N.  31*  W.  My  colleague,  Mr  Peach,  who  mapped  the  greater 
part  of  the  peninsula  lying  to  the  north  of  the  midland  valley, 
obtained  similar  evidence  regarding  the  north-westerly  flow  of 
the  ice.  It  is  clear,  therefore,  that  these  north-westerly  stria; 
belong  to  one  general  system,  when  the  peninsula  was  glaciated 
in  one  determinate  direction  more  or  less  independently  of  its 
physical  features.  Fortunately,  by  means  of  the  transport  of 
erratics,  we  are  able  to  determine  with  certainty  that  the  move- 
ment during  this  period  of  maximum  glaciation  must  have  been 
from  the  south-east  towards  the  north-west 

4  Beference  has  already  been  made  to  the  occurrence  of  blocks 
of  Eastern  schist  and  gneiss  on  Ben  Bhan  below  the  2500  feet 
level.  On  the  highest  peak  of  Sgorr  na  Caorach,  between  the 
2250  and  2500  feet  contour  lines,  there  are  numerous  fn^ments 
of  deformed  Lewisian  gneiss,  mylonised  gneiss,  thrust  Torridon 
sandstone,  slightly  schistose  and  traversed  with  quartz-strings, 
with  crystalline  schists  of  the  type  of  the  Moine  schist  One 
boulder — the  largest  noted,  measuring  about  12  cubic  feet — 
is  composed  of  crushed  grey  gneiss  of  the  type  occuring  m 
sUu  north  of  61enmoi*e  and  north-east  of  Loch  Kishom.  These 
foreign  materials  are  very  plentiful  on  the  top  of  Carn  Deai^, 
above  the  2000  feet  level,  on  Crag  Gorm,  and  on  the  water- 
shed southwards  to  Carn  Chailean.  They  are  specially  abundant 
on  the  cols  at  the  head  of  Coire  nam  Faradh  and  Alp  a* 
Chumhaing — the  two  main  valleys  draining  into  Loch  Kishom. 
They  are  strewn  over  the  rocky  slopes  northwaixis  to  the  village 
of  Applecross,  and  they  occur  in  the  fine  boulder  clay  sections 
in  AJlt  Mor  that  joins  the  Applecross  river  at  Hartfield.  They 
have  likewise  been  traced  over  the  north-western  part  of  the 
peninsula  by  Mr  Peach. 
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5.  The  detailed  mapping  of  the  mountainous  region  of  that  part 
of  the  west  of  Boss-shire  enables  us  to  fix  the  sources  from 
which  these  materials  were  derived.  The  blocks  of  deformed 
grey  gneiss,  mylonised  Lewisian  gneiss,  and  green  and  grey 
schistose  Torridon  sandstone,  belonging  to  the  lower  division 
of  that  formation  have  been  obtained  from  regions  lying  to  the 
east  of  the  great  terrestrial  movements  in  the  noi-th-west  High- 
lands. My  colleague,  Mr  Hinxman  has  traced  the  outcrop  of 
one  of  these  maximum-thrust  planes  from  the  shores  of  Loch 
Kishom  northwards,  and  then  eastwards  to  Loch  Carron.  By 
means  of  this  displacement  a  belt  of  deformed  Lewisian  gneiss 
and  Torridon  sandstone  has  been  made  to  overlie  the  piled-up 
Cambrian  limestone,  quaitzites,  &c.  Now  the  materials,  con> 
sisting  of  deformed  gneiss  and  schistose  Torridon  sandstone,  that 
were  transported  by  the  ice  across  the  south-western  portion  of 
the  Applecross  peninsula  must  have  been  derived  from  the  dis- 
jilficed  masses  east  of  this  thrust-plane  between  Kishom  and 
Loch  Carron.  The  crystalline  Moine  schist  occurs  in  situ  to 
the  east  of  the  deformed  Lewisian  rocks,  at  the  village  of  Loch 
Carron;  while  the  main  outcrop  forms  the  mountains  to  the 
east  of  Auchnashellach  and  Strathcarron  stations.  Nowhere 
within  the  r^ion  of  Applecross  are  rocks  of  these  lithological 
characters  to  be  found  in  situ.  It  is  thus  apparent  that  the 
evidence  derived  from  the  transport  of  eiratics  is  in  accordance 
with  that  of  the  striated  surfaces  and  roches  montonnees, 

Further  evidence,  though  negative,  might  be  adduced  that  the 
ice  movement  during  the  maximum  glaciation  must  have  been 
towards  the  north-west.  At  the  mouth  of  the  Applecross  river 
there  is  a  small  outlier  of  Lias  limestone  and  shales  which  has 
been  minutely  described  by  Professor  Judd.^  Now,  if  the  move- 
ment had  been  from  the  north-west,  blocks  of  these  fossiliferous 
rocks  would  assuredly  have  been  found  to  the  south-east  of  the 
limits  of  the  outlier.  But  not  a  single  boulder  of  these  materials 
has  yet  been  found  on  the  rocky  slopes  that  stretch  south- 
eastwards  to  the  watershed. 

6.  Before  proceeding  to  describe  the  distribution  of  materials 
by  the  later  valley  glaciers,  we  might  pause  for  a  moment  to 
consider  the  probable  cause  of  the  defection  of  the  icesheet 
towards  the  north-west  in  Applecross,  and  the  light  which  it 
throws  on  the  question  of  the  thickness  of  the  mer  de  gla/:e. 

From  the  western  headlands  of  Applecross,  an  observer  sees 
the  smooth  cones  of  the  Bed  Mountains  and  the  seiTat^d  peaks 
of  the  Coolins  in  Skye,  rising  to  8000  feet  in  height ;  while  far 
away  to  the  north  extends  the  plateau  of  the  bedded  basalts. 
It  is  a  well-known  fact  that  the  present  average  rainfall  in 
^  S«e  Q.  J.  Geol.  Soc.,  Vol.  xxxiv.  p.  672. 
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Skye  is  excessive,  and  it  is  now  generally  admitted  that  those 
regions  where  the  present  rainfall  is  abnormal  may  have  been 
coincident  with  excessive  precipitation  of  snow  during  the 
glacial  period.  If  this  reasoning  be  correct,  then  it  is  not 
improbable  that  during  the  greatest  extension  of  the  ice  Skye 
may  have  been  buried  under  a  thick  icy  covering.  The 
presence  of  this  opposing  force  would  undoubtedly  exercise 
some  influence  on  the  ice  radiating  from  the  mainland.  The 
latter  in  that  portion  of  Eoss-shire  would  follow  the  path  of 
least  resistance,  which  would  be  north-west  towards  the  Inner 
Sound  of  Baasay. 

7.  It  seems  to  me  that  the  foregoing  evidence  regarding  the 
north-west  movement  in  Applecross  points  to  an  enormous 
thickness  of  the  icy  covering  on  the  mainland.  When  such  an 
isolated  group  of  lofty  mountains  was  over-ridden  by  the  ice, 
after  crossing  Loch  Kishom  and  the  glen  at  the  head  of  that 
sea-loch,  it  is  obvious  that  no  system  of  valley  glaciers  can 
account  for  such  phenomena.  My  colleague,  Mr  Hinxman, 
infonns  me  that  the  top  of  Bhuadh  Stac  (2919  feet),  on  the 
eastern  side  of  Glen  Kishom,  is  finely  striated  ;  the  markings 
trending  W.  25''  K  He  has  further  observed  that  the  summit 
of  Meall  a  Chinn  Dearg  (3095  feet)  composed  chiefly  of  Torridon 
grits  and  sandstones,  is  covered  with  transported  blocks  of  Torri- 
don sandstone  and  Cambrian  quartzite.  These  are  certainly- 
remarkable  facts.  Indeed,  when  they  are  viewed  in  connection 
with  the  evidence  in  Sutherlandshire,  where  it  would  seem  that 
the  ice-shed  during  the  extreme  glaciation  lay  to  the  east  of  the 
present  water-parting;  and  with  the  evidence  in  Applecross, 
where  a  group  of  mountains  rising  from  the  sea-level  to  nearly 
3000  feet  has  been  overtopped  by  the  ice,  the  estimate  of  the 
thickness  of  the  Highland  ice-sheet  given  Ijy  Sir  A.  Geikie  does 
not  appear  to  be  excessive.  In  the  latest  edition  of  his  text- 
book, he  says :  "  Many  mountains  in  the  Scottish  Highlands 
show  marks  of  the  ice-sheet  at  heights  of  3000  feet  and  more. 
If  to  this  depth  we  add  that  of  the  deep  lakes  and  fjords  which 
were  filled  with  ice,  we  see  that  the  sheet  could  not  have  been 
less  than  5000  feet  thick  in  the  northern  parts  of  Britain."  ^ 

8.  Brief  reference  must  now  be  made  to  the  transport  of 
materials  by  the  local  glaciers  in  the  two  main  valleys 
draining  the  slopes  of  these  mountains  towards  Loch  Kish- 
om. One  of  these  is  traversed  by  the  Allt  na  Fraoich 
(Bum  of  the  Heather),  which,  rising  in  Coire  namFaradh 
on  the  col  between  Ben  Blian  and  Sgorr  na  Caorach,  dis- 
charges into  the  sea  at  the  head  of  Loch  Kishorn.     The  other 

1  See  "Text-Book  of  Geology."  Sir  A.  Geikie.  Third  edit,  1893.  p. 
1027. 
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is  watered  by  Allt  a'  Chumhaing,  which  drains  the  comes 
between  Meall  Gorm  and  Sgorr  na  Gaorach. 

Below  the  limits  reached  by  these  two  valley  glaciers,  the 
ice- markings  are  marvellously  fresh,  and  in  almost  all  cases 
they  seem  to  indicate  a  movement  towards  Loch  Kishom. 

From  the  mouth  of  the  latter  stream,  along  the  shore,  west- 
wards by  Airidh-drishaig  to  within  a  mile  of  Uaigs,  a  distance 
of  five  miles,  the  striae  are  running  more  or  less  parallel  with 
the  coast.  Whether  these  may  indicate  an  **  undertow  "  of  the 
ice-sheet  during  the  extreme  glaciation,  or  merely  a  shrinkage  of 
the  ice  moving  parallel  with  the  sea-loch,  it  is  difficult  to  say. 
It  is  not  improbable  that  the  former  view  may  be  the  correct 
one  for  reasons  which  cannot  here  be  given. 

The  upper  limits  of  the  Goire  nam  Faradh  glacier  are  well 
defined  by  the  splendid  lateral  moraines.  On  the  west  side  of 
the  loch  of  that  name  (see  1-inch  Ordinance  map)  there  is  a 
prominent  group  of  crescent-shaped  moraines  at  a  height  of 
several  hundred  feet  above  the  loch,  that  form  continuous  ridges 
curving  towards  the  centre  of  the  valley.  Each  ridge,  along  its 
upper  limit,  "tails  otf"  against  a  prominent  escarpment  of 
Torridon  sandstone,  and  is  strewn  with  boulders  of  that  forma- 
tion derived  from  the  magnificent  cliflFs  on  the  west  side  of  the 
valley.  At  this  point  the  local  glacier  must  have  been  500  feet 
thick. 

The  eastern  limit  of  this  glacier  is  defined  by  a  great  lateral 
moraine  traceable  for  half  a  mile  from  the  sea-level  at  Loch 
Kishom  up  the  slope  of  Ben  Bhan. 

That  the  glacier  descending  frc»m  Coire  nam  Faradh  coalesced 
^vith  that  in  the  adjoining  vaUey  to  the  west  as  they  approached 
the  sea-level  is  highly  probable  from  the  behaviour  of  the 
moraines.  Long  lines  of  boulders  mark  the  course  of  these 
glaciers  towards  Loch  Kishorn.  They  are  very  conspicuous  on 
the  ground  between  Eussel  and  the  mouth  of  Allt  a  Ghumhaing. 
At  the  latter  locality  concentric  lines  of  moraines  and  trains  of 
boulders  may  be  traced  from  the  sea-level  up  the  slope  west  of 
the  stream  to  the  rocky  escarpments  of  Meall  Gorm. 

Now,  a  careful  examination  of  the  various  sections  of  moraine 
matter  shows  that  the  materials,  with  few  exceptions,  have  been 
derived  from  the  clifis  of  Torridon  sandstone  in  the  respective 
valleys.  The  massive  erratics  forming  the  parallel  lines  of 
boulders  have  been  carried  for  some  distance  down  these 
valleys!  There  are,  however,  occasional  ice-worn  fragments  of 
crushed  Lewisian  gneiss,  mylonised  gneiss,  and  schistose  Torri- 
don sandstone  in  the  moraine  matter ;  and  I  observed  one  or  two 
larger  blocks  of  crushed  gneiss  perched  on  the  moraines  on  the 
slope  west  of  Loch  Goire  nam  Faradh.     These  materials  were 
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distributed,  as  we  have  seen,  during  the  great  glaciation,  and 
the  debris  must  have  fallen  on  to  the  surface  of  the  later 
glaciers,  and  must  have  been  carried  down  to  lower  levels, 
thus  performing  a  double  journey.  It  is  a  significant  fact  that 
above  the  limit  of  the  valley  glaciers  on  the  southern  slope  of 
Sgorr  na  Caorach,  at  levels  ranging  from  700  to  1000  feet,  the 
debris  of  deformed  Archaean  gneiss,  &c.,  derived  from  the  east 
of  Kishom,  seems  to  be  more  abundant  than  in  the  moraine 
matter  distributed  by  the  later  glaciers. 

9.  We  might  now  summarise  the  evidence  given  in  the  fore- 
going pages  regarding  the  successive  stages  of  the  Ice  Age  iu 
Applecross. 

Mrat  It  is  probable  that  before  the  extreme  glaciation  of 
that  region  these  lofby  mountains  had  their  local  glacier  systems 
flowing  from  the  high  corries  towards  the  sea-level. 
.  Second.  As  the  cold  increased  and  the  region  became  enveloped 
in  a  continuous  sheet  of  ice,  this  local  flow  was  arrested,  and  the 
Applecross  peninsula  was  glaciated  in  one  determinate  direction 
towards  the  north-west  During  this  stage  in  the  history  of  the 
period,  erratics  of  deformed  gneiss  and  schistose  Torridon  sand- 
stone were  transported  from  the  ridge  between  Kishorn  and  Loch 
Carron,  across  the  elevated  plateau  of  Torridon  sandstone  to  the 
shores  of  the  Inner  Sound  of  Raasay. 

Third,  When  the  mer  de  glace  had  declined  or  disappeared, 
local  glaciers  again  supervened,  bearing  local  boulders  down  the 
valleys  to  the  shores  of  Loch  Kishorn. 
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VIL— ^  Triassic  land-Surface.     By  Edwabd  Grbbnly,  F.G.S., 
H.M.  Geological  Survey. 

(Read  15th  SCaroh  1894.) 

1.  There  are  few  subjects  in  (jeology  more  fascinating  than  the 
study  of  the  physical  features  of  the  earth's  surface  in  remote 
periods  of  its  history.  Such  studies  are  perhaps  usually  success- 
ful when  pressed  no  further  back  than  Post-Tertiary  or  Pliocene 
time,  since  which  in  our  islands,  the  development  of  their  scenery 
has  proceeded  continuously  on  the  same  general  lines,  in  spite  of 
the  severity  of  the  Glacial  episode.  But  the  scenery  of  periods 
so  remote  that  since  their  time  great  earth-movements  have 
occurred  (and  all,  or  nearly  all,  of  the  British  area  has  been 
submerged,  and  buried  under  fresh  loads  of  sedimentary  rock) 
can,  for  the  most  part,  be  but  dimly  imagined,  and  we  find  that 
the  bare  outlines  of  land  and  water,  and  that,  too,  in  the  vaguest 
generalities,  are  all  we  can  discern. 

So  much  has  been  obliterated  by  waste,  so  much  lies  yet 
deeply  buried;  and  the  very  lie  of  high  and  low  land  is  so 
easily  distorted  by  even  a  very  moderate  movement  of  the 
earth's  crust 

Still,  the  preservation  of  scenery  is  a  question  of  accident 
rather  than  of  age ;  as  is  strikingly  shown  by  recent  discoveries 
in  the  Torridon  Sandstone  in  the  north-west  Highlands,  and 
also  in  certain  portions  of  the  Old  Bed  Sandstone  in  Scotland. 

A  happy  concurrence  of  circumstances  has  given  us  a  glimpse 
of  an  episode  in  the  scenery  of  the  Triassic  Period  in  the  region 
that  is  now  North  Somerset,  and  to  this  I  propose  to  draw  your 
attention  this  evening. 

2.  This  region  is  composed  of  Upper  Palaeozoic  Rocks,  from 
the  Old  Red  to  the  Coal  Measure  inclusive,  a  total  of  about 
14,000  feet ;  and  of  upper  Trias  or  New  Red  Marls,  Rhaetic 
Beds,  and  Lower  lias  about  1000  feet. 

Between  the  Palaeozoic  and  Mesozoic  series  there  is  a  violent 
unconformability,  the  older  rocks  being  affected  by  powerful 
folds  with  a  vertical  amplitude  of  several  thousand  feet,  .and 
also  by  large  faults  (some  of  which  are  certainly  over-thrust 
CEiults);  while  the  later  rocks  are  affected  by  none  of  those 
movements,  and  lie  upon  the  denuded  edges  of  the  others,  with 
only  a  general  low  dip  to  the  south-east,  at  angles  so  low  as  to 
be  often  horizontal  to  the  eye  in  any  one  section. 
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The  Carboniferous  Limestone  always  forms  the  most  striking 
hill-scenery.  It  is  from  2000  to  3000  feet  thick,  and  is  scarcely 
broken  up  by  any  important  shaly  zones,  but  is  composed  of 
massive,  jointed,  limestone  for  hundreds  of  feet  at  a  time. 

The  Old  Eed  and  the  Coal  Measures  are  less  resisting,  but  the 
Palaeozoic  rocks  as  a  whole  are  far  harder  than  the  Secondaries, 
and  very  much  more  so  than  the  New  Bed  Marl,  which  is  very 
soft  and  crumbly,  with  very  little  in  it  even  of  soft  sandstone. 
The  only  hard  member  in  the  Dolomitic  conglomerate,  which 
is  always  closely  related,  in  a  certain  sense,  to  the  Carb.  Lime- 
stone. It  is  a  coarse  angular  conglomerate  or  breccia,  with 
blocks  (sometimes  very  large)  of  Carb.  Limestone,  and  some- 
times other  Palaeozoic  rocks,  set  in  a  ferruginous  and  dolomitic 
cement. 

3.  Now,  the  region  which  yields  the  evidence  is  that  in 
which  the  older  rocks  are  still  partly  covered  with  Triassic 
Marl ;  between  the  wholly  Palseozoic  areas  to  the  west  and 
south,  and  that  to  the  east,  when  the  Jurassic  beds  descend  to 
the  sea-level ;  a  rough  Ti^apezium  bounded  by  the  Avon  below 
Bristol,  the  channel  from  Avonmouth  to  Brean  Down  near 
Weston,  the  south  side  of  the  Mendip  Hills,  and  a  line  joining 
Wells  and  Bristol,  but  curving  to  the  west  of  an  outlier  of  In- 
ferior Oolite  at  Dundry — about  70  or  80  square  miles.  Within 
this  area  Highland  and  Lowland  are  very  sharply  marked  oflf* 
from  each.  From  high  breezy  downs  and  ridges  covered  with 
short  turf,  and  here  and  there  cut  by  deep  coombes  of  gray 
limestone  crag,  we  can  gaze  across  spaces  of  low  undulating 
orchard  or  pasture,  or,  with  a  more  striking  contrast  still,  over 
miles  of  perfectly  flat  alluvium  (carses,  they  would  be  called  in 
Scotland)  rich  pasture,  stippled  with  innumerable  trees  and 
hedges,  ranging  right  away  to  the  shores  of  the  Channel. 

The  hills  are  for  the  most  part  about  400  or  500  feet  high, 
except  the  great  range  of  the  Mendips,  which  reaches  the  1000 
contour. 

Besides  this,  and  the  broad  auticlinal  tract  of  Wrington 
Warren,  there  are  six  well-defined,  escarpmental  ridges  of  Carb. 
Limestone,  running  E.  or  ENE  Every  range  of  hills  is  com- 
posed of  Palaeozoic  rocks,  and  every  valley  of  Trias  Marl 
(except  a  low  synclinal  tract  of  Coal  Measures  at  Nailsea,  from 
which  the  Trias  can  only  have  been  stripped  just  before  the 
deposit  of  the  alluvium  that  now  covers  it) ;  and  nothing  could 
be  more  striking  than  the  contrast  between  the  two.  Islands 
could  hardly  rise  more  abruptly  from  the  sea  than  the  hills 
from  these  low  tracts  of  marl  and  alluvium. 

4.  Now,  let  us  consider  the  results  of  the  great  earth  move- 
ments which  set  in  at  the  close  of  the  Carboniferous  period. 
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The  older  parts  of  these  rocks  plunged  deep  below  the  base  level 
of  denudation  of  that  time  in  the  synclines ;  while,  rising  upon 
the  great  anticlines,  they  became  exposed  to  waste.  The  pike  de 
resistance  was  the  Carb.  Limestone,  so  that  when  it  came  up  on 
an  anticline  it  delayed  denudation,  while  the  softep  Coal  Mea- 
sures were  removed  partially  even  from  the  synclines,  thus 
furnishing  an  exception  to  the  general  rule  that  geological 
depressions  correspond  with  geographical  elevations. 

Then  subsidence  set  in.  ^ater  crept  up  along  the  valleys, 
covering  the  low  Coal  Measure  tracts,  while  the  limestone  hills 
still  stood  out  above  them  till  these  hills  became  islands,  separ- 
ated by  shallow  straits  and  channels. 

Into  these  channels  were  carried  the  products  of  the  never- 
ceasing  waste,  fine  red  mud,  calcareous  from  the  waste  of  the 
masses  of  limestone,  with  occasional  beds  of  sand,  deposited 
perhaps  during  stormy  seasons,  but  all  full  of  salts,  and  barren 
now  of  fossils.  Close  to  the  steep  sides  of  the  sinking  islands 
crumbled  down  the  coarser  debris,  angular  screes  from  their 
crags  apparently,  which  the  waters  of  the  narrow  channels  had 
barely  force  to  roll  into  pebbles — only  to  spread  out  a  little 
further  than  they  would  have  been  carried  by  gravity  alone ; 
and  these  wedge-shaped  beds  are  the  Dolomitic  Conglomerate, 
cemented  by  the  mineral  deposits  of  the  salt  Triassic  sea.  It 
comes  in  at  all  horizons  in  the  Trias,  so  long  as  any  limestone 
island  steep  enough  to  furnish  it  remained  above  water.  Then,  as 
the  valleys  silted  up,  the  hills  themselves  were  submerged,  and 
finally  the  more  open  sea  of  the  Rhsetic-beds  and  Lias  crept 
over  both  the  red  valley  silts  and  the  crowns  of  the  buried  hills, 
and  the  ancient  scenery  became  sealed  up  within  a  maze  of 
Mesozoic  sediments. 

5.  This  complex  of  Palseozoic  and  Secondary  rocks  has  been 
the  block  on  which  Post-Tertiary  denudation  has  been  at  work, 
but  it  has  been  worked  upon  in  an  inclined  position.  From  the 
region  to  the  west,  the  later  deposits,  lifted  high,  have  been 
completely  removed.  Upon  the  eastern  area  they  still  remain 
in  an  unbroken  spread,  because  their  base  lies  below  the  level 
accessible  to  denudation.  In  North  Somerset  the  base  level  of 
denudation  almost  exactly  coincides  with  the  average  level  of  the 
Ijottoms  of  the  old  valleys.  And  so,  in  that  region,  the  Lias  and 
Khajtic-beds  have  been  removed,  and,  after  them,  the  Trias 
marls  in  the  same  way  as,  only  with  even  greater  ease,  than  the 
Coal  Measures  of  old.  But  after  the  lapse  of  unknown  ages  the 
Carboniferous  Limestone  remains  as  great  an  obstacle  to  erosion 
as  ever,  and  from  the  moment  when  the  eroding  agents  tapped 
the  summits  of  its  buried  hills,  a  selective  action  set  in,  and 
they  found  it  so  much  easier  to  wash  away  the  soft  red  marls 
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from  the  sides,  that  the  flow  of  water  was  once  more  guided 
into  the  ancient  tracks,  and  began  to  scoop  out  a  second  time 
the  choked-up  channels. 

Valley  after  valley  began  again  to  see  the  light  of  day,  ridge 
after  ridge  to  stand  out  into  the  air,  little  changed  in  form  from 
what  they  must  have  been  towards  at  any  rate  the  close  of  the 
elder  period,  as  is  shewn  by  the  patches  of  Ehaetic^beds  still 
lying  here  and  there  upon  them.  Changed  they  very  likely  are 
from  what  they  were  in  the  earlier  part  of  the  period  of  Triassic 
waste,  for  during  that  time  they  must  have  lost  in  height  and 
perhaps  in  ruggedness  to  some  extent,  and  marine  erosion  could 
not  fail  to  tell  upon  their  summits  at  their  final  subsidence, 
comparatively  rapid  though  that  subsidence  must  have  been. 
Still,  their  present  form  must  be  very  nearly  the  same,  their 
distribution  exactly  the  same,  as  at  the  time,  when  the  shallow 
waters  of  the  Trias  lay  between  them  in  straits  and  channels. 
And  our  imagination  is  aided  by  the  accident  of  a  very  recent 
spread  of  waters  in  these  same  channels,  which  has  lead  level 
spreads  of  alluvium  on  their  undulating  floors. 

So  that  it  needs  but  little  effort,  standing  on  the  steep  hills  of 
Clevedon  or  the  Mendips,  to  substitute  for 

that  great  plain 
That  sweep  with  all  its  autumn  bowers, 
And  crowded  farms,  and  lessening  towers, 
To  mingle  with  the  bounding  main, 

the  rippling  waters  of  the  ancient  channels,  or  their  tracts  of 
red  muds,  drying  and  cracking  in  the  sun,  and  stalked  over  by 
gaunt  reptilia,  and  the  hiUs,  not  green  as  now,  but  most  likely- 
arid  and  parched,  and  tenanted  by  creatures  no  higher  than  the 
first  little  marsupials,  the  small  beginnings  of  mammalian  life. 
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VIII.—  The  Olaciatton  of  the  West  of  Scotland,  vrith  Special 
Beference  to  the  Theory  of  Floating  Ice,  By  Mr  Dugald 
Bell,  F.G.S.,  Associate  Edinbui'gh  Geological  Society. 

(Read  15th  February  1894.) 

[Abstract,] 

Hateng  described  the  various  traces  of  ice-action  in  the  neigh- 
bourhood  of  the  Firth  of  Clyde,  and  pointed  out  the  directions 
in  which  it  was  evident  the  ice  moved,  as  also  the  proofs  of  the 
great  mass  and  volume  to  which  it  attained,  the  author  passed 
on  to  consider  the  theory  which  had  lately  been  supported  in 
certain  influential  quarters,  that  the  agent  which  produced 
these  effects  was  in  the  form  of  floating  ice,  or  "ice-floes," 
With  all  respect  to  those  who  hold  this  theory,  he  showed  in 
some  detail  that  it  is  inconsistent  with  the  characteristics  of  the 
phenomena  they  had  been  considering,  viz.,  the  striation  of  the 
rock  surfaces,  the  distribution  of  boulders,  and  the  composition 
of  the  boulder-clay.  Besides,  this  theory  requires,  quite  as  qiuch 
as  the  old  theory  of  icebergs,  the  action  of  marine  currents,  and 
these  again  imply  a  deep  submergence.  Following  the  course 
of  these  supposed  marine  cm-rents,  from  the  central  valley  of 
the  Clyde,  it  was  shown  that  marks  of  them  all,  by  different 
<5hannels,  led  to  the  mountainous  tracts  of  Dumbarton  and 
Argyll-shires,  from  which  they  appeared  to  radiate  in  all 
directions.  Of  course,  with  marine  currents  this  was  im- 
possible. The  distribution  of  bouldei-s,  particularly  those  of 
granite,  confirmed  what  had  been  stated,  and  showed  that  the 
agent  could  not  have  been  ice-laden  currents,  but  muat  have 
been  great  streams  or  sheets  of  land-ice.  Further,  the  sub- 
mergence which  the  theory  under  notice  required  would  leave 
very  little  of  the  country  above  water ;  too  little  for  the  for- 
mation of  "floes"  of  any  extent  alongside  of  it>  or  for  the 
accumulation  thereon  of  great  quantities  and  varieties  of 
rocky  debris.  Not  only  so,  but  such  a  submergence,  by 
diminishing  or  abolishing  the  high  lands,  and  admitting  more 
freely  the  ocean-currents,  would  in  all  probability,  as  Lord 
Kelvin  had  shown,  be  attended  by  mild  conditions  of  climate 
far  up  into  northern  latitudes.  Thus  the  submergence  which 
VOL.  vn.  part  I.  D 
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the  ice-floes  required  in  one  way,  seemed  fatal  to  them  la 
another.  In  conclusion,  the  author  deprecated  having  recourse 
to  great  changes  of  the  earth's  surface  within  comparatively 
recent  times,  for  which  there  was  really  no  suflBcient  evidence  ; 
and  alluded  to  the  wise  caution  of  Darwin,  who  could  say  wititi 
some  satisfaction  that  he  had  "never  elevated  or  depressed 
Mother  Earth  in  order  to  account  for  any  one  phenomenon." 
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IX. — Petroleum  and  Natural  Gas  :  their  Geological  History  and- 
Production,  By  Henry  M.  Cadell  of  Grange,  B.Sc, 
F.RS.E.,  Hon.  Secretary.     {With  Diagram,  Plate  II.), 

(Read  19th  April  1894.) 
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Introdtjction. 

So  much  has  already  been  written  on  the  occurrence  of  liquid 
and  gaseous  hydrocarbons,  since  their  discovery  on  a  commer- 
cially important  scale  less  than  fifty  years  ago  both  in  the  Old 
and  New  Worlds,  that  it  may  seem  superfluous  to  add  to  the 
mountain  of  literature  already  existing  on  the  subject.  It  has, 
however,  occurred  to  me  that  as  the  subject  is  one  of  such 
general  interest,  and  the  petroleum  industry  is  undergoing  rapid 
developments  every  year,  there  may  still  be  room  left  in  Scot- 
land, at  least,  where  the  mineral  oil  industry  is  a  source  of 
much  scientific  and  economic  enterprise,  for  describing  in  concise 
form  some  of  the  more  salient  characteristics  of  these  natural 
products  as  they  occur  in  other  lands.  It  has  also  struck  me 
that  my  ignorance  of  the  geology  of  petroleum  and  natural  gas, 
previous  to  my  visit  to  the  American  oil  regions  in  1891,  may 
be  to  some  extent  shared  by  readers  who  have  not  had  the  time 
or  the  opportunity  to  investigate  the  subject  for  themselves  or 
wade  through  the  writings  of  those  who  have  made  it  a  matter 
of  special  study.     I  propose,  therefore,  to  describe  briefly  in  the 
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following  pages  the  results  of  some  of  the  more  important 
investigations  into  the  geology  of  these  valuable  sources  of 
energy,  dealing  with  the  theories  as  to  the  origin  of  natural  oil 
and  gas,  their  geological  and  geographical  distribution,  and  the 
scientilSc  and  practical  results  of  their  discovery  and  develop- 
ment. 

In  the  limited  space  at  my  disposal  it  is,  of  course,  only 
possible  to  touch  the  very  outskirts  of  such  a  vast  subject,  and 
anyone  who  wishes  to  go  into  greater  details  will  find  a  valuable 
store  of  material  in  Prof.  S.  F.  Peckham*s  "  Eeport  on  the  Pro- 
duction, Technology,  and  Uses  of  Petroleum  and  its  Products,'* 
published  in  1885  by  the  Depaitment  of  the  Interior  Census 
Office,  Washington.  This  volume  contains  a  catalogue  of  the 
literature  on  the  subject  up  to  1880. 

1.  Source  of  Natural  Hydrocarbons. 

The  original  source  of  hydrocarbons  in  the  stratified  forma- 
tions of  the  earth's  crust  is,  apparently,  the  organic  remains  of 
former  inhabitants  entombed  in  these  deposits.  The  question  is, 
By  what  process  of  decomposition  and  rearrangement  have  these 
substances  been  brought  into  their  present  simple  chemical 
state,  and  stored  in  such  a  way  as  to  burst  forth  in  vast  quantity 
in  certain  regions  and  under  certain  geological  conditions  ?  The 
question  is  as  much  a  chemical  and  physical  as  a  geological 
one,  and  to  solve  it  we  must  often  have  recourse  to  other  than 
purely  geological  methods  of  investigation. 

Petroleum  and  natural  gas  have  a  very  wide  distribution, 
both  geographically  and  geologically,  as  they  are  found  over 
wide  areas  in  America,  Eastern  Europe,  and  Asia ;  while  their 
geological  range  extends  from  the  Lower  Silurian  up  to  the 
Tertiary  system.  It  is  thus  clear  that  the  physical  conditions 
under  which  oil  has  been  produced  have  prevailed  at  many 
places  and  periods  in  the  world's  history,  and  hence  it  is  quite 
reasonable  to  suppose  that  there  may  have  been  diflerences  in 
the  exact  process  by  which  the  same  ultimate  result  has  been 
arrived  at,  just  as  there  have  been  variations  in  the  precise 
manner  of  formation  of  many  of  the  coal  deposits  in  different 
countries. 

2.  Geographical  Distribution. 

Before  dealing  with  the  geology  of  petroleum^  it  may  be  of 
interest  to  note  the  chief  countries  and  places  where  it  is  found 
in  commercial  quantities. 

The  principal  sources  of  supply  of  rock  oil  are  at  present 
Russia  and  the  United  States,  and  especially  the  region  extend- 
ing from  New  York  State  south-westwards  past  Lake  Erie,  along 
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the  western  side  of  Pennsylvania  and  Virginia,  through  Ohio 
and  Kentucky  to  the  centre  of  Tennessee, — a  broad  zone  some- 
where about  700  miles  in  length,  in  which  the  majority  of  the 
productive  wells  of  America  are  situated.  Petroleum  has, 
however,  also  been  found  in  limited  quantities  to  the  west 
of  this  tract  in  Indiana,  Illinois,  and  the  southern  part  of 
Michigan,  while  on  the  Pacific  Coast  several  productive  wells 
have  been  found  northwards  from  Los  Angelos  in  California. 
Isolated  wells  have  been  found  in  Alabama,  Kansas,  Louisiana, 
and  a  few  other  States,  but  the  great  bulk  of  the  American  oil 
is  derived  from  the  zone  first  described. 

Some  small  oil  fields  are  also  found  in  Canada,  the  most  pro- 
ductive of  which  lie  within  an  area  of  about  1 1  square  miles  at 
the  township  of  Petrolia  in  Western  Ontario.  Both  solid  and 
liquid  forms  of  bitumen  occur  in  numerous  other  parts  of  the 
New  World,  such  as  Mexico,  the  West  Indies,  Peru,  and  Vene- 
zuela ;  and  in  the  Island  of  Trinidad  there  is  a  lake  of  pitch 
about  3  miles  in  circumference,  which  constitutes  apparently 
the  largest  deposit  of  asphaltum  in  existence,  and  affords  an 
inexhaustible  supply  of  that  useful  form  of  solid  hydrocarbon. 

In  the  Old  World  by  far  the  most  important  oil  regions 
hitherto  discovered  are  those  of  the  Caspian,  where  the  majority 
of  the  wells  lie  within  a  radius  of  20  miles  of  the  City  of 
Baku.  Petroleum  is,  however,  also  found  in  limited  quantities 
in  Europe,  along  the  flanks  of  the  Carpathians  and  the  shores 
of  the  Adriatic,  as  well  as  in  Denmark,  and  a  few  parts  of 
France  and  Germany.  In  1883  I  visited  a  district  at  Oelheim 
near  Peine,  in  the  Duchy  of  Brunswick,  where  oil  had  been 
struck,  and  as  the  place  resembled  on  a  miniature  scale  one  of 
the  great  American  oil  fields,  with  its  forest  of  derricks,  walking 
beams,  and  wooden  shanties,  it  had  been  nicknamed  the  "  New 
Pennsylvania,"  but  the  quantity  of  oil  was  very  limited  and 
had  to  be  obtained  by  pumping,  none  of  the  wells  at  the  time 
of  my  visit  being  of  the  valued  flowing  class. 

Small  quantities  of  petroleum  are  occasionally  found  in  Scot- 
land in  connection  with  the  oil  shales  of  the  Lothians,  the 
"  Balm  Well "  of  St  Catherine's,  near  Edinburgh,  being  a  well- 
known  example.  While  quite  recently  oil  has  been  found  in 
Somerset,  but  in  quantity  far  too  small  to  be  of  economic 
value. 

Solid  and  liquid  hydrocarbons  are  found  in  parts  of  Asia  in 
considerable  quantities.  The  Dead  Sea  or  Lake  Asphaltites  is 
surrounded  by  deposits  of  asphaltum — ^the  slime  pits  of  the 
Bible — and  during  earthquakes  masses  of  this  substance,  like 
small  islands  in  size,  rise  to  the  surface  and  float  on  the  dense 
waters.     Bitumen  and  petroleum  springs  occur  in  Persia  along 


Digitized  by  VjOOQIC 


54  EDINBURGH  GEOLOGICAL  SOCIETY. 

the  Valley  of  the  Euphrates  and  Tigris,  while  natural  gas  and 
oil  issue  from  the  ground  at  various  parts  of  Thibet  and 
Northern  India,  where  the  gas  is  burned  in  the  Hindu  temples. 
China  appears  also  to  have  yielded  petroleum  at  some  places, 
while  the  natural  oil  industry  of  Japan  has  been  carried  on  for 
more  than  1200  years,  and  large  numbers  of  wells  were  sunk 
before  the  great  increase  in  the  production  of  American  oil  put 
an  end  to  the  profits  of  that  ancient  business. 

Petroleum  has  been  found  in  Burma,  in  Java,  Borneo,  and 
other  islands  of  the  Indian  Archipelago,  and  is  also  known  to 
occur  in  Australia  and  New  Zealand  at  a  few  places.  As  the 
more  remote  regions  are  opened  up  it  may  be  expected  to  be 
found  over  still  wider  areas,  but  at  present  we  may  note  that 
both  in  the  Old  and  New  Worlds  the  greatest  oil  regions  occur 
along  the  flanks  of  some  of  the  chief  mountain  ranges.  The 
great  oil  belt  of  the  States  runs  alongside  of  the  Appalachian 
uplift,  while  those  of  the  Old  World  follow  the  lines  of  the 
Apennines,  Carpathians,  and  Caucasus,  and  the  mountain  chains 
in  Palestine,  Indo-China,  and  Japan. 

3.  Geological  Distribution. 

I  have  mentioned  that  solid  and  liquid  and  gaseous  hydro- 
carbons are  found  in  all  formations  from  the  Lower  Silurian 
to  the  Tertiary,  but  by  far  the  greatest  quantity  of  petroleum 
is  at  present  obtained  from  strata  of  Silurian,  Devonian,  and 
Lower  Tertiary  age,  comparatively  little  having  as  yet  been 
found  in  the  later  palaeozoic  or  secondary  formations  of  the  Old 
or  New  Worlds. 

Oil  and  gas  are  found  in  Canada,  New  Tfork,  and  Ohio 
through  a  vertical  succession  of  strata  extending  from  the 
middle  of  the  Carboniferous  to  the  Trenton  limestone  of  Lower 
Silurian  age.  The  thickness  of  this  immense  succession  of  beds 
is,  of  course,  very  variable,  but,  roughly  speaking,  may  be 
averaged  at  something  like  6000  feet.  It  includes  the  lower 
productive  coal  measures,  the  thick  Devonian  shales  and  oil- 
bearing  sandstones,  the  oil-bearing  comiferous  limestone  at  the 
base  of  the  Devonian  beds,  the  Upper  Silurian  shales,  and 
Niagara  limestone,  and  the  Lower  Silurian  shales  with  the 
underlying  Trenton  limestone,  which  ancient  horizon  was,  in 
1887,  found  to  yield  the  supplies  of  oil  and  gas  now  being 
obtained  in  Ohio  and  Indiana  in  enormous  quantities.^ 

The  following  table,  taken  paitly  from  Mr  Joseph  D.  Weeks' 

^  For  a  detailed  account  of  this  subject,  see  Mr  Edward  Orton's  elaborate 
paper  on  ''The  Trenton  Limestone  as  a  Soarce  of  Petroleum  and  Inflammable 
Gas  in  Ohio  and  Indiana,"  published  in  the  Eighth  Annual  Beport  of  the  U.S. 
Oeol.  Survey,  Washington,  1889,  pp.  477-662. 
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paper  on  "Petroleum  in  1892,"  and  partly  from  Charles  A. 
Auiburoer's  paper  on  "  Natural  Gfis/'  ^  gives  a  generalised  list 
of  the  palaeozoic  formations  in  New  York,  Pennsylvania,  and 
Ohio,  as  now  commonly  accepted  by  American  geologists : — 

No. 
''xviL  Greene    County    Series = Upper    Barren    Coal 
Measures  of  Ohio.     From  surface  to  top  of 
Washington  Upper  Limestone. 

XVI.  Washington  County  Series = Upper  Barren  Coal 
Measures.  From  top  of  Washington  Upper 
Limestone  to  top  of  Wajrnesburg  Sandstone. 

XV.  MoNONGAHELA  SERIES = Upper  Productive  Coal 
Measures.  From  top  of  Wajmesburg  Sand- 
stone to  base  of  Pittsburg  Coal. 

XIV.  Pittsburg  Series = Lower  Barren  Coal  Measures. 
From  base  of  Pittsburg  Coal  to  base  of 
Mahoning  Sandstone,  in  which  small  quantities 
of  oil  have  been  found. 

xni.  Allegheny  Series= Lower  Productive  Coal 
Measures.  From  base  of  Mahoning  Sand- 
stone to  top  of  Homewood  Sandstone,  includ- 
ing the  Freeport,  Kittaning,  Brookville,  and 
Clarion  Coals,  but  producing  no  oil. 

XII.  PoTTSViLLE  SERIES =Pottsville  Conglomerate. 
From  top  of  Homewood  Sandstone  to  base 
of  Olean  Conglomerate,  in  which  oil  occurs 
in  uncertain  quantities. 

XI.  Mauch  Chunk = Sub-Carboniferous  Limestone  of 
Ohio.  From  base  of  Olean  Conglomerate  to 
top  of  Sub-Olean  Conglomerate.  Unim- 
portant as  to  oil. 

X.  PocoNO  SERiES=Waverley  Series  of  Ohio.  From 
top  of  Sub-Olean  to  top  of  Venango-Butler  Oil 
group,  including  the  Shenango  Sandstone,  Big 
Injun  Oil  Sand,  Berea  Grit,  Pithole  Grit, 
and  Lc^an  Sandstone  and  Conglomerate,  from 
which  oil  and  gas  are  obtained  in  considerable 
quantities. 
'^ix.  Catskill  Series = Old  Bed  Sandstone,  absent  in 
Ohio.  Includes  the  Venango-Butler  Oil  group, 
^  the  great  oil-producing  horizon  of  Pennsylvania. 

g  ]  viu.    Chemung  Sandstone  and  Shales = Ohio  Shale. 
Q  Portage   Sandstone  and  Shales = Cleveland,  Erie, 

(^  and  Huron  Shales. 

^  Read  before  the  American  Inatitate  of  Mining  Engineen,  St  Lonis,  1886. 
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No. 

"viii.    Genesse  Shales  and  Slates. 
corUd,  TuUy  Limestone. 

Hamilton  Sandstones  and  Flags. 
Upper  Helderberg  Limestone =Comiferous  Lime- 
stone of  Ohio.     From  base  of  Venango-Butler 
to  top  of  Oriskany  Sandstone,  including  the  oil 
and  gas  sands  of  M'Eean,  Warren,  Forest,  and 
Elk  counties  of  Pennsylvania;  oil-producing 
horizon  of  Canada. 
^viL     Oriskany  Sandstone  (absent  in  Ohio). 
"vL      Lower  Helderberg  Limestone. 
Waterlime. 

Salina  and  Nlagara  Shales  and  Liicestones. 
V.       Clinton  Shales= Clinton  Limestone  of  Ohio. 
IV.      Medina  Sandstone = Medina  Shale  of  Ohio. 
Oneida  Conglomerate. 
fiiL      Hudson  Eiver  SHALES=Cincinnati  Series  of  Ohio. 
g  5  I  IL       Trenton  Limestone  SERiES=Trenton  Limestone 
I  g  -^  of  Ohio.     Eich  in  oil  and  ga    *    '"^  * 

M  d  I  I.        Potsdam  Sandstone=: Potsdam, 

ACAl 

Arch^an. 


< 

a 

g 
^< 

PS 


The  great  oil  wells  of  the  Caspian  are  found  in  loose  sand- 
stones or  coarse  sand-beds,  apparently  of  Eocene  age,  as  has  been 
already  mentioned,  under  conditions  diflfering  greatly  from  those 
of  America.  The  natural  hydrocarbons  in  California  occur  in 
highly  inclined  strata  which  are  also  of  Tertiary  age,  and  the 
Califomian  oil-fields  differ  in  many  respects  from  those  of  the 
Eastern  States,  one  important  difference  being  that  they  have 
asphaltum  instead  of  paraffin  as  their  base,  and  are  more  im- 
portant as  fuel  than  as  illuminating  products. 

4.  Composition  op  Petroleum. 

The  term  "petroleum,"  or  "rock  oil,"  like  "natural  gas/* 
relates  to  the  origin  rather  than  the  composition  of  the  sub- 
stance. It  denotes  a  mixture  of  several  fluid  or  solid  hydro- 
carbons and  other  substances  which  are  associated  with  one 
another  in  very  variable  proportions.  Generally  speaking,  these 
constituents,  whose  specific  gravity  together  is  about  080,  are 
divided  into  four  classes,  into  which  crude  petroleum  is  separated 
during  the  refining  process.     These  are — 

1.  Naphthas,  or  the  lighter  hydrocarbons,  of  sp.  gr.  about  0-7» 

2.  light  illuminating  oils. 
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3.  Heavy  lubricatiog  oils,  sp.  gr.  0*84  to  0-91. 

4.  Besiduum,  consisting  either  of  paraflBn  or  asphaltuin. 

The  petroleums  of  Pennsylvania  yield  on  the  average  10  to 
11%  of  naphtha,  75  to  78%  of  illuminating  oil,  2  to  6%  heavy 
oil,  2}  to  4%  of  residuum,  and  5  to  8%  of  water  (loss).  The 
term  **  kerosene  "  is  sometimes  used  for  the  lighter  illuminating 
oils,  and  includes  a  somewhat  widely  varying  class  of  the  more 
inflammable  products  of  the  distillation  of  petroleum,  lightness 
in  colour  and  specific  gravity  being  their  common  characteristic. 
The  flash  point  of  kerosene,  the  standard  of  which  has  given 
rise  to  much  discussion  both  here  and  in  America,  is  the  tem- 
perature at  which  the  oil  gives  off'  inflammable  explosive 
vapour,  a  temperature  considerably  below  that  at  which  the  oil 
can  be  itself  ignited.  The  flash  point  is  low  in  proportion  to 
the  percentage  of  naphtha,  which  is  itself  highly  inflainraable^ 
and  unless  carefully  separated  renders  lamp  oil  very  dangerous 
for  domestic  use.  All  burning  oils  which  have  a  flash  point  of 
less  than  100*  F.  are  dangerous,  as  lamps,  especially  if  made  of 
metal  and  used  in  a  hot  room,  have  been  found  to  reach  a  tem- 
perature varying  from  So**  to  125**  F.,  and  in  many  cases  dis- 
astrous explosions  have  resulted,  especially  with  the  worse 
constructed  kinds  of  lamps.  For  the  safety  of  the  public,  it  is 
therefore  clear  that  the  only  way  to  prevent  possibility  of  ex- 
plosions is  either  to  prohibit  by  law  the  sale  of  illuminating  oils 
with  flash  point  under  100°  F.  for  domestic  lamps,  or  at  least  to 
compel  merchants  to  let  purchasers  know  the  exact  flash  point 
of  the  oil  they  buy,  so  that  the  responsibility  will  rest  on  the 
buyer  alone.  A  great  deal  of  the  American  illuminating  oil 
sold  here  has  a  flash  point  of  70°  F.,  and  the  best  Russian 
86'  F.,  while  much  of  the  Eussian  oil  flashes  at  considerably 
lower  temperatures,  so  that  it  is  full  time  our  Legislature  took 
steps  to  enforce  the  higher  standard,  and  enable  us  to  use  oil 
lamps  without  constant  and  unnecessary  risk  of  explosions. 

The  average  percentage  of  commercial  products  obtained  from 
the  crude  petroleum  of  45**  Beaum^,  or  0800  sp.  gr.,  of  New 
York,  Pennsylvania,  Ohio,  and  West  Virginia,  is  as  follows  : — ^ 

Gasoline          .            .                         .  1  to    1*5 

**  A.,"  "  B.,"  and  "  C."  Naphthas         .  14-5  „  15-0 

Illuminating  Oil         .             .             .  50      „  540 

Lubricating     „           .             .             .  17*5 

Paraffin  Wax=4J  lbs.  per  barrel  20 

Loss   .....  100 


1000 

'  Peckham,  p.  165. 
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5.  The  Origin  of  Pbteoleum  and  Natural  Gas. 

This  subject,  it  need  hardly  be  said,  has  given  rise  to  mach 
controversy  and  theorising. 

The  dxBCQBOxm  has  been  taken  tip  by  chemists  and  geologists 
alike,  each  regeuxling  it  from  the  standpoint  of  his  own  depart- 
ment of  science.  The  subject  divides  itself  naturally  into  two 
parts.  The  first  deals  with  the  origin  of  the  fluid  and  gaseous 
hydrocarbons,  and  the  second  with  the  reason  of  their  present 
physical  distribution.^ 

The  chemists  who  have  investigated  the  matter  have  put  for- 
ward two  main  theories,  the  first  of  which  refers  the  hydro- 
carbons to  a  purely  mineral  origin,  and  the  second  to  the  agency 
of  organic  matter  as  the  primaiy  source  from  which  they  have 
been  derived.  It  is  needless  to  discuss  the  first  or  purely 
chemical  hjrpothesis,  which  supposes  the  hydrocarbons  to  be  due 
to  the  chemical  action  at  high  temperature  of  the  alkali  metals 
on  carbonic  acidulated  water  deep  down  in  the  earth's  crust, 
as  this  theory  deals  with  the  matter  from  a  purely  chemical 
point  of  view,  and  is  incapable  of  verification  by  the  geologist. 
The  organic  theory,  however,  in  one  or  other  of  its  branches 
must,  from  all  the  evidence,  be  held  to  offer  in  some  degree  an 
explanation  of  the  facts  at  issue,  as  it  can  be  tested  in  the  light 
of  many  observed  phenomena  taking  place  up  to  the  pi*esent 
time. 

The  decomposition  of  organic  bodies,  whether  animal  or 
vegetable,  produces  various  forms  of  hydrocarbon,  such  as 
marsh  or  coal  gas,  and  tar  or  oil,  under  certain  conditions,  as,  for 
example,  when  these  bodies  are  distilled  in  a  retort,  or  when 
they  undergo  decay  in  the  absence  of  air.  Oily  water  fre- 
quently exudes  from  peat  mosses,  and  marsh  gas  or  light  car- 
bonetted  hydrogen  bubbles  up  in  every  stagnant  pool  with 
rotting  vegetable  or  animal  matter  at  the  bottom.  So  far  all 
observers  are  now  agreed,  and  up  to  this  stage  there  is  no  need 
of  far-fetched  chemical  theories  to  explain  what  is  more  or  less 
a  matter  of  common  experience.  After  the  organic  origin  is 
granted,  however,  there  may  be  some  difference  of  view  as  to 
the  way  in  which  the  decomposition  has  been  effected. 

Professor  Sterry  Hunt  maintains  that  oil  and  gas  are  pro- 
duced from  the  priinary  decomposition  of  organisms  in  the 
limestone  or  oil  rock  itself,  while  Professor  J.  S.  Newbery  holds 

^  For  a  full  discussion  of  this  subject,  see  Ed.  Orton  on  **The  Ti-enton 
Limestone  as  a  Source  of  Petroleum,"  ic.,  in  U.S.  Geol.  Survey  Eighth  Annual 
Report,  pp.  487-606. 
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that  these  products  are  derived  from  the  secondary  rather  than 
the  primary  decomposition  of  such  organisms,  or  that  decom- 
position has  been  associated  with  a  slow  process  of  distillation 
going  on  continuously  in  the  strata.  Professor  S.  F.  Peckham, 
again,  modifies  Newbeiy's  theorj-  of  distillation  in  referring 
the  operation  of  the  process  to  a  definite  period,  which  has 
long  passed  away.  According  to  this  view,  the  distillation  was 
caused  by  the  heat  pervading  the  region  at  the  time  of  the 
elevation  and  metamorphism  of  the  Appalachian  Mountain 
system. 

Of  these  three  theories  that  of  Sterry  Hunt  seems  to  satisfy 
the  majority  of  the  observed  phenomena  in  the  most  natural 
way.  Where  a  process  can  be  carried  out  at  ordinary  tempera- 
tures there  is  not  much  gain  in  supposing  high  temperatures  to 
be  necessary.  Had  the  strata  been  so  much  affected  by  the  heat 
accompanying  the  Appalachian  uplift  that  their  hydrocarbons 
underwent  a  process  of  destructive  distillation,  as  Peckham 
supposes,  there  would  have  been  independent  evidences  of  this 
metamorphic  action,  but  all  such  are  conspicpous  by  their 
absence  in  the  great  oil  regions.  In  many  tropical  or  semi- 
tropical  areas,  on  the  other  hand,  the  production  of  solid  and 
other  hydrocarbons  from  decomposing  vegetation  is  still  in 
operation.  The  pitch  lake  of  Trinidad,  already  •  referred  to, 
derives  its  asphaltum  from  bituminous  shales  of  late  Tertiary 
age,  whose  hydrocarbons  are  apparently  due  to  the  direct 
decomposition  of  vegetable  matter  in  the  shales  which  are  un- 
dergoing slow  alteration  at  ordinary  temperatures. 

In  connection  with  the  discussion  of  the  origin  of  oil  shales, 
it  may  be  noted  that  observation  has  shown  that  clay  has  a 
particular  affinity  for  oily  matter.  Oily  substances  floating  in 
muddy  water  have  been  found  to  attach  themselves  to  the 
suspended  particles  of  clay,  and  to  sink  to  the  bottom  and  pro- 
duce a  petroliferous  stratum,  which  would  ultimately  become 
converted  into  bituminous  or  oil  shale.  This  property  seems 
to  belong  to  clay  in  a  much  greater  degree  than  to  sand  particles, 
and  hence  we  have  oil  shales  in  abundance,  while  the  sandstones 
between  them  have  usually  few  traces  of  original  bituminous 
matter. 

The  American  oil  sands  appear,  in  many  cases  at  least,  to 
have  derived  their  oil  by  a  process  of  slow  percolation  from  the 
bituminous  shales  below,  and  to  have,  from  their  porous  nature, 
supplied  reservoirs  in  which  the  oil,  oozing  from  the  shales, 
could  accumulate  in  large  quantities  and  circulate  from  one  posi- 
tion to  another.  There  may,  however,  have  in  some  cases  been 
a  direct  production  of  hydrocarbon  from  the  decomposition  of 
organisms  in  the  sand-beds  themselves,  but  it  is  in  the  associated 


Digitized  by  VjOOQIC 


60  EDINBURGH  GEOLOGICAL  SOCIETY. 

shales  that  the  great  bulk  of  organic  remains  has  been  found, 
and  it  seems  reasonable  to  suppose  that  it  was  the  latter  which 
formed  the  final  resting-place  of  the  rich  flora  of  the  period. 

The  occurrence  of  large  quantities  of  oil  and  gas  in  the 
Trenton  and  other  limestones  opens  up  another  field  for  dis- 
cussion. In  the  case  of  the  productive  oil  sands  the  porous 
stratum  is  covered  by  an  impervious  bed  of  shale,  and  when 
the  reservoir  is  a  limestone,  it  is  also  covered  by  an  impervious 
shale  bed,  without  which  no  great  accumulation  of  oil,  in 
America  at  least,  can  be  expected.  The  oil  found  in  limestone 
ha5  apparently  been  produced  in  the  rock  by  direct  decomposi- 
tion of  organisms  originally  inhabiting  the  water  in  which  it 
was  deposited.  Limestone  oil  has,  however,  as  a  rule,  more 
sulphur  and  nitrogen  than  shale  oil,  and  appears  to  be  derived 
from  animal  remains,  while  the  lighter  shale  oils  of  America 
seem  to  owe  their  origin  chiefly  to  the  decay  of  vegetation. 

The  limestone  oils  of  Canada,  Kentucky,  Tennessee,  Ohio, 
and  California  are  easily  distinguishable  from  the  oils  of  Penn-^ 
sylvania  by  their  dark  colour,  higher  specific  gravity,  and  rank 
disagreeable  odour,  which  diminishes  their  commercial  value 
considerably. 

The  Lower  Silurian  Trenton  Limestone — the  valuable  oil- 
bearing  stratum  of  Ohio — has  been  found  to  be  very  porous,  its 
porosity  being  almost  invariably  connected  with  its  chemical 
constitution.  It  is  a  dolomite  more  or  less  pure  wherever  it 
contains  oil  and  gas  in  any  quantity,  and  there  is  evidence  of 
a  transformation  of  its  component  calcite  into  dolomite  in  the 
upper  part  of  the  bed  at  a  period  subsequent  to  its  deposition. 
Its  porosity  results  apparently  from  the  highly  crystalline 
character  it  has  assumed  during  the  process  of  dolomitisation, 
the  spaces  between  the  interlacing  crystals  forming  chaimels  for 
the  percolation  of  fluids  in  the  rock.  Wherever  the  Trenton 
limestone  assumes  its  normal  character  and  ceases  to  be  dolo- 
mitic,  it  ceases  also  to  be  markedly  petroliferous  in  character — 
a  fact  of  great  importance  in  the  search  for  new^  oil  fields  from 
this  horizon. 

6.  Mode  of  Accumulation  of  Oil  and  Gas. 

Having  thus  touched  on  the  theory  of  their  origin,  we  may 
next  consider  the  way  in  which  natural  gas  and  petroleum  have 
become  accumulated  in  large  quantities  in  certain  places. 

In  America,  what  is  known  as  the  Anticlinal  Theory  of  the 
distribution  of  oil  and  gas  has  been  worked  out  in  great  detail 
by  Professor  I.  C.  White  and  others,  and  this  hypothesis  is  now 
generally  accepted  as  the  true  explanation  of  the  phenomena 
observed  in  all  the  great  oil  fields  of  the  world. 
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Oil  wells  yield  three  products — gas,  oil,  and  brine.  In  some 
cases  only  one  of  these  is  found,  in  others,  first  oil,  then  biine ; 
the  oil,  which  often  comes  up  the  hole  at  great  pressure,  being 
usnaUy  associated  with  more  or  less  light  carburetted  hydrogen 
gas. 

After  much  investigation  it  has  been  generally  established 
that  where  the  strata  lie  in  great  Hat  anticlines  and  synclines, 
the  wells  drilled  along  the  crest  of  these  flexures  yield  gas, 
these  in  the  troughs  give  only  brine,  and  the  intermediate 
zone  is  that  in  which  there  is  most  probability  of  finding  oil. 
The  explanation  is  obvious;  the  original  heavy  salt  water  in 
the  porous  rock,  when  it  became  mixed  with  oily  matter,  derived 
from  decomposing  organisms,  gradually  sank  to  the  lowest 
position  it  could  reach,  leaving  the  oil  floating  on  its  surface, 
while  the  gas,  being  still  lighter,  was  forced  up  to  the  crown 
of  the  arch,  where  it  remained  under  great  pressure  imprisoned 
beneath  the  impervious  bed  covering  the  porous  reservoir. 

This  theory  gives  a  general  explanation  of  the  observed 
phenomena,  but  it  often  occurs  that  there  are  apparent  excep- 
tions. Some  wells  are  productive,  while  others  near  them  may 
be  "  dry  holes,"  and  the  explanation  seems  to  be  in  the  fact  that 
although  the  oil  is  confined  to  particular  strata  or  "sands," 
where  alone  it  can  be  expected,  yet  these  beds  are  not  uniformly 
porous,  and  the  well  may  strike  a  close-grained  area  through 
which  no  fluid  can  find  its  way.  There  may  again  be  small  local 
flexures,  which  will  naturally  influence  the  distribution  of  the 
fluids  within  limited  areas,  without  affecting  the  validity  of  the 
general  hypothesis. 

To  Scottish  geologists,  accustomed  to  areas  where  long  stretches 
of  almost  undisturbed  formations  are  practically  unknown,  it 
may  seem  curious  that  there  should  have  been  any  diflSculty  in 
establishing  the  anticlinal  theory  of  the  occurrence  of  oil  and 
gas.  The  American  oil  fields,  however,  occur  often  in  regions 
where  the  rocks  are  very  flat,  the  inclination  being  so  slight 
that  it  is  a  matter  of  much  difficulty  to  ascertain  the  trend  of 
the  main  flexures  beneath,  and  the  surface  of  the  country  is  a 
featureless  plain  deeply  buried  under  a  covering  of  soil  and  drift, 
and  often  nearly  destitute  of  natural  rock  exposures.  It  is,  no 
doubt,  greatly  due  to  the  slight  disturbance  and  absence  of 
fiEiQlts,  that  the  free  circulation  of  the  imprisoned  fluids  is 
possible,  and  although  oil  might  occur  in  sandstones  in  other 
regions,  if  there  were  many  faults  or  evidences  of  disturbance 
such  as  are  common  here,  it  stands  to  reason  that  any  such  oil 
could  not  accumulate  in  quantity  sufficient  to  aflbrd  other  than 
a  very  limited  supply,  derived  entirely  from  the  strata  in  the 
immediate  vicinity. 
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7.  Oil  Fountains  of  the  Caspian. 

The  great  oil-producing  region  of  the  Old  World  is  at  Baku 
on  the  Caspian,  where  the  industry  has  of  late  years,  owing 
chiefly  to  the  enterprise  of  the  Nobel  Brothers,  attained  to  such 
dimensions,  that  the  Russian  oil  wells  are  now  producing  nearly 
as  much  as  those  of  the  United  States.  The  oil  weUs  of  the 
Caspian  have  been  used  for  2500  years,  and  the  gas  issuing 
from  the  huge  naphtha  deposits  of  that  region  has  for  long 
centuries  kept  alive  the  altars  of  the  ancient  fire  worshippers  of 
the  East. 

The  oil  and  naphtha  are  here  found  in  rocks  of  Eocene  age, 
and  the  soil  needs  only  to  be  scratched  to  give  off  its  inflam- 
mable vapours.  The  Baku  wells  are  not  nearly  so  deep  as  those 
of  America,  as  fountains  of  petroleum  are  usually  struck  at 
depths  of  less  than  1000  feet,  while  the  American  wells  are 
frequently  drilled  to  depths  of  2000  feet  or  more  before  the  oil 
is  reached.  At  Baku,  again,  the  oil  seems  to  lie  in  great  cavities, 
due  perhaps  to  the  subsequent  folding  or  faulting  of  an  older 
set  of  anticlinal  oil  sands,  so  that  one  productive  well  may 
often  be  sunk  close  to  another  without  affecting  Its  produc- 
tion. In  the  States  spouting  wells  are  common  enough  where 
the  fluid  ascends  under  great  pressure,  and  if  the  hole  be 
not  securely  plugged  up,  rises  high  into  the  air  in  a  lofty 
fountain,  one  of  which  I  was  fortunate  enough  to  see  in  1891, 
near  the  township  of  M'Donald.  In  this  case,  on  the  "  cap  " 
being  removed,  the  oil  spouted  high  into  the  air. 

The  spouting  wells  of  the  Caspian,  however,  far  outstrip  their 
American  competitors  in  volume  and  enei^.  Mr  Charles 
Marvin,  in  his  fascinating  book,  the  "Region  of  the  Eternal 
Fire,"  gives  graphic  accounts  of  these  marvellous  eruptions,  from 
which  the  following  examples  are  taken. 

The  first  oil  fountain  on  the  Caspian  occurred  in  1873,  when 
a  reservoir  of  oil  was  suddenly  struck  by  the  boring  tool.  The 
fluid  rose  40  feet  into  the  air,  and  the  flow  was  so  great  that 
the  price  of  crude  petroleum  fell  from  45  to  5  copeks  the  pood, 
or  about  from  2id.  to  ^d.  per  gallon,  since  which  it  has  never 
risen  above  Jd.  per  gallon. 

In  1875  a  third  fountain  was  tapped,  which  spouted  600,000 
gallons  of  oil  every  24  hours,  and  other  eruptions,  more  or  less 
violent,  occurred  shortly  afterwards  in  the  district,  from  which 
such  floods  of  oil  were  ejected  as  to  defy  collection  and  form 
lakes  of  oil  in  the  vicinity,  some  of  which  are  still  in  existence, 
and  others  have  been  burnt  off  to  clear  the  ground. 

Another  great  fountain  occurred  in  1883.     A  12-inch  tube 
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was  employed,  and  at  a  depth  of  420  feet  there  was  a  terrific 
outburst  of  gas,  which  was  repeated  at  a  depth  of  490  feet.  At 
546  feet  there  was  a  third  explosion,  which  hurled  the  pumping 
cylinder  into  the  air  and  smashed  the  top  of  the  derrick  to 
pieces.  A  jet  of  dry  sand  and  grit  began  to  spout  into  the  air 
to  a  height  of  nearly  400  feet.  This  sand  volcano  lasted  for  45 
minutes,  and  was  followed  by  a  furious  blast  of  gas  which 
poisoned  the  atmosphere  at  Balakhani  for  the  rest  of  the  day. 
A  cap  was,  after  much  trouble,  fixed  on  the  hole  so  as  to  stop 
the  flow  of  oil  which  came  afterwards,  and  as  there  was  then  no 
demand  for  petroleum,  the  well  was  stopped  until  required. 

The  great  fountain  of  1883 — the  Droojba — exceeded  in 
magnificence  anything  that  had  hitherto  been  heard  of,  and 
its  fame  spread  into  every  part  of  Europe.  The  depth  of  this 
well  was  574  feet,  and  during  the  first  four  months  the  quantity 
of  oil  that  burst  forth  like  a  mighty  geyser  was  reckoned  at 
220,000  tons,  or  about  55,000,000  gallons,  the  vast  majority  of 
which,  for  want  of  adequate  storage  accommodation,  flooded  the 
surrounding  country,  and  then  ran  off  in  a  broad  stream  into 
the  Caspian,  where  it  was  utterly  lost.  Sand  and  stones  were 
hurled  high  into  the  air,  and  thej  top  of  the  derrick,  which  was 
70  feet  high,  was  blown  off  with  the  first  eruption,  after 
which  the  column  of  oil  and  sand  shot  upwards  to  heights  of 
200  to  300  feet,  rising  or  falling  acconiing  as  the  10-inch 
orifice  of  the  well  was  open  or  temporarily  choked  with 
occasional  pieces  of  stone.  The  remarkable  feature  of  this 
well  was,  that  instead  of  making  its  owner  a  millionaire,  as 
would  have  been  the  case  in  America,  it  both  ruined  him  and 
broke  the  heart  of  the  engineer  who  bored  it.  The  reason  was 
that  the  fountain  belonged  to  a  small  Armenian  company, 
which  had  enough  ground  for  a  well,  but  not  enough  for  large 
reservoirs.  The  oU  flowed  over  neighbouring  properties,  and 
was  partially  caught  and  sold  by  those  on  whose  land  it 
trespassed,  and  the  quantity  was  so  great  as  to  reduce  the 
price  enormously,  while  at  the  same  time  the  deluge  of  sand 
did  so  much  damage  in  swamping  the  neighbouring  wells  and 
houses,  that  the  amount  of  compensation  claimed  from  the 
Droojbar  company  far  exceeded  the  value  of  the  oil  recovered  by 
them. 

Up  till  1883  the  Droojba,  which  spouted  3400  tons  of  oil 
a  day, — nearly  as  much  as  the  25,000  weUs  of  America  put 
t(^ether, — ^had  been  looked  on  as  a  phenomenon  the  like  of 
which  would  never  be  heard  of  again.  It  was,  however, 
surpassed  by  the  Tagieff  eruption  in  1886,  which,  for  a  few  days, 
belched  forth,  from  a  10-inch  orifice,  in  one  stupendous  column, 
no  less  than  11,000  tons,  or  about  2  J  million  gallons,  of  petro- 
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leum  per  diem.  This  well,  belonging  to  Gospodin  TagiefiF,  was 
situated  on  the  promontory  of  Bybyibat  three  miles  south  of 
Baku,  and  was  commenced  in  1884  in  a  hitherto  comparatively 
unproductive  district.  At  its  best  it  had  not  at  first  yielded 
more  than  J  6,000  gallons  a  day — a  production  insufficient  to 
•excite  competition  at  Baku.  As  the  production  diminished  it 
was  deepened  to  714  feet,  when  the  main  reservoir  was 
suddenly  tapped,  and  the  oil  burst  forth  with  terrific  violence. 
The  eruption  covered  hill  and  dale  with  sand  and  oil,  and 
nothing  could  be  done  to  stop  the  flow.  The  petroleum  filled 
up  the  hollows,  formed  a  lake,  and  on  the  fifth  day  began 
pouring  into  the  sea  at  the  rate  of  5000  or  6000  tons  daily. 
On  the  sixth  day  the  wind  freshened,  and  the  oil  fell  in  showers 
on  the  houses  of  Baku,  three  miles  away,  and  the  maximum  of 
2f  million  gallons  a  day  was  reached  on  the  eighth  day,  after 
which  the  flow  began  to  abate.  By  the  fifteenth  day  the  pressure 
had  so  far  diminished  as  to  allow  of  the  outflow  being  controlled 
to  a  quarter  of  a  million  gallons  by  the  engineers  in  charge,  but 
not  before  nearly  10  million  gallons  had  been  lost  for  want  of 
adequate  storage  at  the  well. 

Still  greater  fountains  have  been  struck  within  the  last  two 
years,  one  of  which,  at  a  depth  of  1100  feet,  started  ofi*  with 
100,000  barrels,  or  about  16,000  tons  a  day.  In  March  1892, 
several  large  fountains  on  the  Apsheron  Peninsula  produced  at 
first  no  less  than  2,000,000  poods,  or  32,258  tons,  a  day  for 
a  short  time.^ 

8.  Natural  Gas:    Its  Composition. 

Every  oil  well  contains  more  or  less  "  Natural  Gas  "  of  an 
inflammable  character  associated  with  the  petroleum.  But  in 
oil  regions  gas  wells  without  oil  are,  as  has  been  already  stated, 
found  by  boring  along  the  crest  lines  of  anticlinal  flexures. 
This  substance  is  not  a  definite  chemical  compound,  but  a 
mixture  of  gases,  the  principal  constituent  being  Marsh  Gas 
or  light  Carburetted  Hydrogen  (CHJ,  with  usually  some  free 
Hydrogen,  Ethyl  Hydride  (OJIg),  Oletiant  Gas  (C2H.),  Oxygen, 
Nitrogen,  Carbonic  Oxide  (CO)  and  Carbonic  Acid  (U0«).  The 
relative  proportions  of  these  constituents  are  veiy  variable,  and 
sometimes  they  are  not  all  present,  or  there  may  be  in  addition 
small  quantities  of  other  gases,  such  as  Sulphuretted  Hydrogen 
H.^S.  An  analysis  of  the  Findlay  Gas  from  the  Trenton  Lime- 
stone, made  in  1885,  by  Professor  C.  C.  Howard,  of  Starling 

^  Consular  Report  for  1892  on  Trade  of  Batoum,  No.  1191,  and  Affieriean 
Mant^aeturer,  2nd  February  1894. 
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Medical  College,  Columbus,  for  the   Ohio  Geological  Survey, 
gave  the  foUowing  results  : — ^ 


Marsh  Gas  (CHJ 

92-61 

defiant  Gas  (C^HJ 

0-30 

Hydrogen    . 

2-18 

Nitrogen 

3-65 

Oxygen 

0-34 

Carbonic  Acid 

0-26 

Carbonic  Oxide    . 

0-50 

Sulphuretted  Hydroger 

i(H,S) 

0-20 

10004 

The  percentage  of  Marsh  Gas  is  often  much  lower  than  this, 
although  in  some  cases  it  rises  to  94%  in  the  Findlay  Gas 
district  The  composition  of  the  gas  in  the  same  well  has  also 
been  found  to  vary  from  time  to  time,  as  the  following  analyses 
will  show.  These  analyses  were  taken  from  one  well  on  18th, 
25th,  28th,  29th  October,  and  4th  December  1884,  and  are 
quoted  at  p.  23  of  Mr  Chas.  A.  Ash  burner's  paper  on  "  Natural 
Gas,"  read  before  the  American  Institute  of  Mining  Engineers, 
October  1886  :— 

Marsh  Gas,  CH^ 

Hydrogen,  H 

Ethylic  Hydride,  CgHe 

Olefiant  Gas,  C^H^ 

Oxygen,  O 

Carbonic  Oxide,  CO 

Carbonic  Acid,  COg 

Nitrogen,  N 

10000      99-70      99-40      9991      99*99    100-00 

The  variations  in  this  table  are  remarkable,  especially  in  the 
column  (a)  where  the  enormous  quantity  of  Nitrogen  indicates 
a  difierent  source  of  the  gas  on  the  day  the  sample  was  taken, 
and  perhaps  also  the  admixture  of  more  air  than  usual  with  the 
gas. 

9.  Pressurb  of  Natural  Gas. 

The  extraordinary  pressure  which  the  gas  exerts  in  most 
wells  is  a  subject  of  much  interest,  both  scientific  and  economic, 
as  it  is  tliis  condition  which  enables  the  gas  to  be  conveyed  long 
distances,  and  used  in  immense  quantities  for  lighting  and 

*  Orton,  Trenton  Limestone,  loc,  cU  ,  p.  591. 
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9-64 

14-45 

20-02 

26-16 

29-03 

35-92 

6-20 

4-80 

3-60 

5-50 

7-92 

12-30 

0-80 

0-60 

0-70 

0-80 

0-98 

0-60 

2-10 

1-20 

1-10 

0-80 

0-78 

0-80 

1-00 

0-30 

100 

0-80 

0-58 

0-40 

0-00 

0-30 

0-80 

0-60 

0-00 

0-40 

23-41 

2-89 

0-00 

0-00 

0-00 
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heating  cities  ofteii  many  miles  from  the  source  of  supply.  The 
following  examples,  taken  from  Peckham's  report  (p.  243),  provide 
much  interesting  material  for  reflection. 

In  some  instances  the  gas,  which  has  been  securely  retained, 
has  been  conveyed  in  pipes  to  the  cylinder  of  a  steam  engine, 
and  employed  directly  to  drive  the  engine  as  if  it  were  high 
pressed  steam.  This  was  done  at  the  Roy  Well,  near  Kane, 
Pennsylvania,  where  the  engine  was  more  than  a  quarter  of  a 
mile  off.  Sometimes  a  well  has  been  drilled  through  a  watery 
stratum  or  feeder  before  reaching  the  gas,  and  the  struggle 
between  the  two  elements  in  their  haste  to  escape  has  produced 
a  splendid  display,  the  water  being  shot  up  in  huge  jets  at 
regular  intervals  like  a  geyser.  In  a  well  of  this  kind  near 
Gambler,  Knox  County,  Ohio,  the  water  round  the  hole  became 
frozen  into  a  solid  pipe,  and  the  gas  could  be  safely  ignited 
without  danger  to  the  derrick,  which  was  covered  with  ice. 
The  effect,  especially  at  night,  of  the  mingled  column  of  water 
and  fire  leaping  up  in  fierce  roaring  paroxysms  to  a  height  of 
120  feet,  through  a  transparent  illuminated  chimney,  is  said  to 
have  been  indescribably  magnificent.^  This  freezing  up  of  the 
well  brings  to  notice  another  phenomenon  sometimes  observed 
in  gas  wells.  The  sudden  expansion  of  a  large  volume  of  im- 
prisoned gas  naturally  causes  a  great  fall  in  its  temperature  at 
the  orifice  of  the  well.  Cases  have  been  recorded  where  the 
cold  became  so  great  that  the  ice  which  formed  in  the  pipe  com- 
pletely closed  it.  This  occurred  at  Sheffield,  where,  after  the 
well  was  thus  choked,  the  ice  had  to  be  drilled  to  a  depth  of  100 
feet  before  it  was  reopened.  When  it  was  pierced  the  pressure 
was  so  great  that  the  tools  and  casing  were  shot  out  through  the 
top  of  the  derrick. 

The  amount  of  pressure  in  gas  wells  has  often  been  measured. 
It  frequently  reaches  500  lbs.  per  square  inch,  and  sometimes 
rises  to  700,  800,  or  even  1000  lbs.  In  the  spouting  oil  well, 
which  I  was  fortunate  enough  to  see  near  M'Donald  town- 
ship, Pennsylvania,  the  pressure  was  so  great  that  when  the 
"  cap  "  was  removed  the  heavy  boring-tool,  8  inches  in  diameter 
and  about  30  feet  long,  was  shot  upwards  a  short  distance, 
and  was  followed  by  a  mingled  jet  of  gas  and  oil,  which 
mounted  100  feet  into  the  air.  The  roar  of  a  high-pressure 
gas  well  when  the  orifice  is  open  is  perfectly  deafening,  and 
if  the  gas  is  ignited  its  flare  can  sometimes  be  seen  40  miles 
away.  In  the  Ohio  district,  which  I  visited  in  1891,  the 
whole  locality  was  lit  up  at  night  with  blazing  jets  of  gas, 
and  so  plentiful  was  the  supply,  that  at  many  places  it  was 

^  PeokhaiD,  loc  eil,  qaoting  Prospectus  of  the  Neff  Petroleum  Company,  1866. 
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not  thought  worth  while  to  conserve  or  turn  off  the  gas 
tluring  the  day,  the  greater  part  of  which  was  allowed  reck- 
lessly  to  go  to  waste  in  the  atmosphere. 

The  cause  of  the  enormous  pressure  of  natural  gas  is  to  be 
explained  in  two  ways.  The  theory  which  meets  most  of  the 
facts  is  a  simple  one,  but  is  not,  I  think,  of  altogether  universal 
application.  According  to  this  hypothesis,  the  pressure  in  gas 
wells  is  due  to  the  same  cause  as  the  pressure  in  the  gas 
mains  of  a  town,  viz.,  the  column  of  water  behind  it.^ 

The  oil  and  gas  sands  are  full  of  brine,  whose  hydrostatic 
pressure  is  proportional  to  the  depth  of  the  well  or  the  height 
of  the  column  in  the  strata  from  the  surface-level  downwards, 
A  column  of  pure  water  20  feet  high  produces  a  pressure  of 
d  lbs.  per  square  inch,  and  a  column  1000  feet  high  will,  in  the 
same  proportion,  exert  a  pressure  of  450  lbs.  While  if  the 
water  contains  salts,  its  increased  weight  will  make  the  pressure 
still  greater.  When  gas  is  struck  at  a  depth  of  1000  feet,  there- 
fore, if  there  is,  as  there  must  be,  according  to  the  anticlinal 
theory,  a  porous  stratum  permitting  tolerably  free  circulation  of 
fluids,  the  pressure  at  the  bottom  of  the  hole  may  at  first,  at  all 
events,  be  naturally  expected  to  reach  450  lbs.  or  more,  which 
will,  of  course,  be  also  the  pressure,  or  nearly  so,  of  the  gas  at 
the  orifice  of  the  well.  In  the  case  of  a  spouting  oil  well  the 
pressure  cannot  be  so  great,  as  the  oil,  although  lighter  than 
water,  is  much  heavier  than  gas,  and  the  pressure  required  to* 
eject  the  oil  is  that  due  to  the  difference  in  weight  of  the  two 
columns.  Petroleum,  however,  in  such  cases  usually  comes  up 
largely  mixed  with  gas,  so  that  in  reality  the  oil  in  the  pipe  is 
much  lighter  than  when  in  its  normal  state,  and  hence  the 
pressure  exerted  is  higher  than  that  theoretically  due  to  the 
difference  just  stated.  In  the  case  of  the  gi*eat  Droojba  foun- 
tain at  Baku,  the  pressure  is  stated  to  have  exceeded  1»S 
atmospheres,  or  about  190  lbs.  per  square  inch,  and  the  depth 
of  the  weU  was  574  feet.^  If  the  first  of  these  figures  be 
correct,  and  there  were  no  gas  mixed  with  the  oil,  it  is 
difficult  on  this  theory  to  explain  the  force  of  the  outburst. 
Roughly  speaking,  a  column  of  oil  with  sp.  gr.  0*8  is  | 
lighter  than  an  equal  column  of  water,  so  that  the  difference 
of  pressure  at  a  depth  of  574  feet  would  be  equal  to  a 
column  of  water  \  of  574=125  feet  high,  or  about  54 
lbs.  per  square  inch  instead  of  190  lbs.  If  this  theory  is 
applicable  here  the  brine  behind  the  oil  must  have  been  very 
heavy  indeed,  and  the  oil  must  have  been  reduced  in  specific 

^  See  Orion  on  the  Trenton  Limestone,  loc,  cU,,  p.  593. 

2  Marvin,  "Region  of  the  Eternal  Fire/'  p.  229.     (1891  ed.) 
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gravity  by  mixture  with  several  timea  its  bulk  of  gas.  On 
the  other  hand,  it  was  often  heavily  charged  with  stones  and 
sand;  and  although  there  was  some  gas  present,  yet  it  is 
difficult  to  see  how  the  ascending  column  could  have  been 
rendered  light  enough  to  burst  forth  and  produce  such  a 
deluge  of  oil  by  hydrostatic  pressure  alone. 

Another  phenomenon,  known  as  a  "  gas  volcano/'  has  been 
observed  in  America,  which  seems  inexplicable  by  the  hydro- 
static pressure  theory  alone.  In  the  valley  of  the  Cumberland, 
near  Burkesville,  in  Southern  Kentucky,  frequent  cases  have 
been  observed,^  where  the  pressure  of  the  imprisoned  gas,  ap- 
parently being  generated  beneath  impervious  strata,  has  so  in- 
creased as  to  overcome  the  superincumbent  weight  from  time  to 
time,  and  throw  oflF  the  overlying  rock,  earth,  and  water,  in  the 
explosion.  These  considemtions  lend  weight  to  the  second 
theory  that  the  gas  in  some  cases  produces  its  own  pressure 
during  the  change  in  volume,  when  passing  from  the  solid  state, 
in  which  its  constituents  were  originally  present  in  the  strata, 
to  its  ultimate  gaseous  condition.  Anyone  who  has  been  down 
a  fiery  coal  pit  cannot  fail  to  have  noticed  the  pressure  at  which 
the  gas  comes  hissing  from  the  "  working  faces  "  of  the  coal,  and 
in  this  case  there  is  no  hydrostatic  pressure  behind  it.  As  a  rule, 
however,  I  think  that  the  first  theory  explains  more  or  less 
adequately  the  uniform  pressure  observed  over  a  gas  field  in 
different  wells,  and  that  the  second  theory  is  only  applicable  in 
a  limited  number  of  cases,  and  may  help  to  explain  the  initial 
abnormally  hi*;h  pressure,  such  as  has  been  observed  at  Baku 
and  elsewhere,  which  has  produced  explosions,  the  efiFect  of 
which,  although  tremendous  at  first,  has  not  been  of  long  dura- 
tion. According  to  the  hydrostatic  hypothesis,  again,  the 
greater  the  depth  of  the  well  the  greater  will  be  the  pi^essure  of 
the  gas,  and  this  has,  as  a  general  rule,  been  fully  borne  out  by 
observation.  There  can,  therefore,  on  the  whole  be  no  great 
difficulty  in  accepting  this  as  a  sufficient  explanation  of  the 
phenomenon  of  pressure  observed  in  the  most  important  fields 
of  natural  gas  and  oil. 

10.  Production  op  Petroleum  in  America. 

A  few  words  on  the  economic  aspects  of  the  natural  gas 
question  may  form  a  fitting  conclusion  to  these  observations. 
The  question  is  often  asked,  How  long  are  these  supplies  of  fuel 
to  last  ?  From  what  has  been  said,  the  answer  must  be  obvious. 
The  same  answer  is  given  to  the  question  of  the  durability  of 

^  Peckham's  Report,  p.  243. 
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our  coal  fields*  The  natural  supply  of  fluid  hydrocarbons,  as  of 
coal,  is  limited,  and  will  never  be  increased ;  and  further,  the 
age  of  a  productive  oil  well  does  not  generally  exceed  five  years 
in  America,  and  is  very  often  much  less.  A  spouting  oil  well 
does  not  continue  to  gush  forth  for  many  weeks  if  allowed  to 
flow  freely.  It  soon  degenerates  into  a  flowing  well  and  then 
into  a  pumping  well,  whose  production  dwindles  away  and 
finally  ceases  to  be  remunerative,  so  that,  unless  new  wells  are 
continually  being  discovered,  the  output  must  fall  off  and  then 
cease  entirely. 

The  vast  supplies  of  natural  gas,  for  example,  in  the  vicinity 
of  Pittsburg,  which  for  some  years  lighted  the  city  and  super- 
seded coal  in  its  ironworks  and  manufactories,  are  now  beginning 
to  give  out.  When  the  gas  was  introduced  the  murky  pall  of 
smoke  that  formerly  covered  the  town  was  banished,  and  the  air 
became  clear  and  wholesome,  but  now  the  visitor  notices  the 
return  of  the  smoke,  and  in  a  few  years  the  atmosphere  may 
return  to  its  old  condition.  The  skill  which  has  been  expended 
in  the  development  of  the  oil  and  gas  wells  of  the  Sti^tes,  and 
the  conveyance  of  these  precious  products  through  many 
hundreds  of  miles  of  pipe-lines  from  the  source  to  the  market, 
has  been  marvellous,  and  will  ever  form  a  monument  to  the 
inventive  genius  of  the  Americans.  It  is  only  equalled  by  the 
skill  and  perseverance  of  our  own  oil  manufacturers  in  Scotland, 
who  have,  in  the  face  of  crushing  competition  from  more  fav- 
oured lands,  been  able  to  produce  mineral  oil  and  its  accessories 
bv  distillation  from  the  native  shale,  and  to  keep  their  works 
ailoat  under  difficulties  sufficient  to  appal  the  stoutest  heart, 
and  which,  but  for  the  perfervidum  ingenium  Scotorum,  would 
long  ago  have  put  an  end  to  all  our  oilworks, — a  fate  which 
has,  indeed,  already  overtaken  several  of  them. 

It  was  the  success  of  Mr  Binney  and  Mr  James  Young  in 
distilling  oil  from  the  Boghead  Cannel  in  the  early  fifties  that 
really  started  the  modern  oil  industry  both  here  and  in  America. 
The  first  mineral  oil  produced  in  the  United  States  was  by 
distillation  from  coal  tar  mixed  with  cheap  animal  and  vegetable 
oils,  and  subsequently  from  Albert  coal  or  Albertite,  a  kind  of 
asphaltum  obtained  from  New  Brunswick,  and  bituminous  coal 
and  shale  from  many  other  places.  Experiments  in  this  process 
were  carried  on  by  Messrs  Luther  and  William  Atwood,  near 
Boston,  in  1850-1,  and  by  Mr  Joshua  Merrill,  who  joined  them 
in  1854,  and  these  three  men  were  the  pioneers  in  the  manufac- 
ture of  American  paraffin  oil.  Boghead  Cannel  was  imported 
in  1859,  and  distilled  in  some  works,  while  the  rich  Cannel 
coals  of  West  Virginia  and  Kentucky  were  treated  similarly  in 
others. 
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The  year  1859  marks  the  starting  point  of  the  new  American 
oil  industry.  For  some  years  previously  attention  had  been 
turned  to  the  oil  oozing  out  of  the  ground  at  certain  places,  and 
attempts  had  been  made  to  collect  and  use  it  commercially. 
But  the  first  really  important  oil  well  was  that  sunk  at  Titus- 
ville,  Pennsylvania,  by  Mr  E.  L.  Drake,  who  drilled  a  hole  33 
feet  deep,  on  28th  August  1859,  when  the  tool  dropped  6  inches 
into  a  crevice,  and  next  day  found  the  hole  nearly  full  of 
petroleum.  Henceforward  drilling  began  over  a  wide  district, 
and  many  flowing  wells  were  found.  In  June  1860  the  total 
daily  product  of  all  the  wells  was  about  200  barrels.  By  Sep- 
tember 1801  this  had  reached  700  barrels  when  the  flowing 
well  period  began,  adding  to  the  production  6000  or  7000 
barrels  a  day.  The  price  of  oil  fell  to  20,  15,  and  10  cents,  a 
barrel  (of  42  gallons  capacity),  which  so  disheartened  the 
operators  that  many  of  them  gave  up  in  despair,  and  the  pro- 
duction languished  for  some  years.  It  did  not  at  first  increase 
very  rapidly,  but  after  1865  a  steady  improvement  began,  and 
the  subsequent  history  of  the  production  is  related  in  a  line  on 
the  accompanying  diagram  (plate  II.).  constructed  from  the  table 
on  the  following  page,  taken  from  Mr  Joseph  1).  Weeks*  Kepoit  on 
Petroleum  in  1893,^  a  copy  of  which  the  author  has  kindly  sent 
me.  The  average  prices  for  the  same  period  are  also  shown 
graphically  in  a  dotted  line.  From  this  table  it  will  be  observed 
that  up  till  1876  nearly  all  the  American  petroleum  was 
obtained  from  the  States  of  Pennsylvania  and  New  York.  In 
1885,  after  the  discovery  of  oil  in  the  Trenton  Limestone,  the 
Ohio  and  West  Virginian  oil  fields  began  to  pour  in  their 
increased  quota,  ancl  about  the  same  time  the  Californian 
Miocene  oil  supplies  grew  in  importance,  and  shortly  afterwards 
Colorado  and  Indiana  were  added  to  the  list  of  petroliferous 
states.  The  production  of  American  petroleum  reached  its 
zenith  in  1891,  and  the  two  following  years  show  a  marked 
decline  in  the  older  fields  of  New  York  and  Pennsylvania, 
whose  production  lias  fallen  from  :j3  to  20  million  barrels 
during  this  period.  The  approaching  exhaustion  of  the  Eastern 
oil  fields  is  being  partially  compensated  for  by  the  gi'owth  of 
the  West  Virginia  and  Indiana  oil  regions,  but  the  net  result  is 
a  decrease  of  about  6  million  barrels  since  1891,  so  that  unless 
new  fields  are  opened  up  soon,  the  production  of  American 
petroleum  is  not  likely  to  increase  very  much  in  the  near 
future.  Prices  reached  low  water  mark  in  1892,  and  started  to 
move  upwards  last  year  as  the  supplies  began  to  diminish. 

^  "  Mineral  Resources  of  the  United  States."    \Vasliington,  1894. 
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11.  The  Russian  Oil  Ikdustey. 

While  the  production  of  American  petroleum  has  thus  at 
present  apparently  reached  high-water  mark,  the  output  from 
the  Caspian  wells  is  steadily  rising,  and  these  bid  fair  very 
soon  to  outstrip  their  Western  competitors,  and  supply  the  Old 
World  with  most  of  its  liquid  fuel  and  kerosene.  From  1877, 
when  the  Nobels  began  operations  at  Baku  on  intelligent 
modern  principles,  such  as  had  been  adopted  in  America*  and 
the  Russian  Government  removed  all  taxes  and  restrictions,  the 
oil  industry  sprang  up  and  developed  at  a  marvellous  rate. 
Up  till  1871  the  oil  wells  were  sunk  as  pits,  of  which,  in  1872, 
there  were  415.  In  1871  the  first  well  was  driUed  on  the 
American  system,  and  henceforward  this  system  came  into  use 
all  over  the  oil  district.  The  number  of  drilled  wells  in  1872 
was  2,  in  1874  50,  in  1876  101.  in  1879  301.  At  the  end  of 
1893  324  wells  were  producing  oil  over  a  district  not  exceeding 
3000  acres  in  extent,  46  old  wells  were  being  cleaned  out  and 
repaired  for  work,  and  59  new  wells  were  being  drilled.  The 
new  wells  are  often  deeper,  as  has  been  already  mentioned,  than 
those  of  the  last  decade,  but  there  is  no  sign  as  yet  of  general 
exhaustion  of  this  wonderful  oil  field,  and  the  fact  has  been 
referred  to  above  that  in  March  1892  the  production  of  the 
wells  on  the  Apsheron  peninsula  reached  for  some  time  the  vast 
total  of  32,258  tons  of  oil  per  diem  when  several  laige  foimtains 
were  first  struck.  In  November  1893  a  well  was  struck  at  a 
depth  of  109  feet,  which  at  first  yielded  100,000  barrels,  or  over 
16,000  tons  per  diem,  but  soon  settled  down  to  less  than  a  fifth 
of  that  production.  Another  fountain,  struck  at  1100  feet,  as 
already  mentioned,  started  ofi*  at  the  same  rate  of  flow,  which  it 
maintained  for  some  days. 

Although  by  far  the  largest  production  of  Caspian  oil  is  as 
yet  derived  from  the  Apsheron  peninsula,  recent  explorations 
have  proved  oil  to  exist  in  great  abundance  at  Grosni  on  the 
Vladikavkaz  railway,  and  it  is  reported  that  this  district  bids 
fair,  when  adequately  developed,  to  become  a  very  formidable 
competitor  to  Baku. 

The  figures  given  in  the  following  table  are  taken  from  dif- 
ferent sources,  and  it  is  to  be  noted  that  the  totals  are  only 
approximate,  as  the  returns  obtained  by  different  authorities 
vary  very  considerably  owing  to  the  difficulty  of  getting  accu- 
rate reports  on  the  ground.  From  1863  to  1 886  inclusive  my 
authority  is  Marvins'  ** Region  of  the  Eternal  Fire"  (1891 
edition).  For  1887  the  British  Ambassador  at  St  Petersburg  is 
the  source,  and  from  1888  to  1893  the  figures  are  obtained  from 
the  British  Consular  Keports  on  the  Trade  of  Batoum.     The 
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returns  for  the  last  five  years  are  from  the  1894  Report,  which, 
it  may  be  mentioned,  differ  slightly  from  the  figures  given  in 
the  individual  reports  for  these  years.  For  purposes  of  com- 
parison with  the  American  returns,  I  have  given  the  production 
both  in  tons  and  in  American  barrels,  7  barrels  being  taken  as 
rt^ual  to  1  ton.  As  the  Russian  production  is  often  given  in 
poods  (pouds  or  puds),  it  may  be  mentioned  that  1  pood= 
36112  British  pounds,  or  about  4  gallons,  62  poods  being= 
about  1  ton  of  oil.  An  American  barrel  of  42  Winchester 
i^Uons  contains  only  35  imperial  gallons,  and,  assuming  that 
Russian  oil  has  an  average  specific  gravity  of  0-875,  an 
American  barrel  contains  10*  18  poods. 


Peoduction  of  Crude  Peteoleum  at  Baku 
(in  tons  and  American  42-gallon  barrels). 


Tons. 

1863 5,484 

1864 8,700 

1865 8,900 

1866 11,100 

1867 16,100 

1868 11,900 

1869 27,180 

1870 27,500 

1871 22,200 

1872 24,800 

1873 64,000 

1874 78,000 

1875 94,000 

1876 194,000 

1877 242,000 

1878 320,000 


Barrels. 

38,388 

60,900 

62,300 

77,700 

112,780 

83,300 

190,260 

192,500 

155,400 

173,600 

448,000 

546,000 

658,000 

1,358,000 

1,694,000 

2,240,000 


Tons. 

1879 370,000 

1880 420,000 

1881 490,000 

1882 680,000 

1883 800,000 

1884...  1,435,000 
1885. ..1,780,000 
1886...  2,000,000 
1887... 2,1 16,000 
1888... 2,580,000 
1889. ..3,315,203 
1890.. .3,857,335 
1891. ..4,657,506 
1892. ..4,621,107 
1893. ..5,436,318 


Barrels. 

2,590,000 

2,940,000 

3,430,000 

4,760,000 

5,600,000 

10,045,000 

12,460,000 

14,000,000 

14,812,000 

18,060,000 

23,206,421 

26,201,345 

32,602,542 

32,347,749 

38,054,226 
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X, — ObiHtary  Notice   of    William   Pengdly,  F.R.S.,   Associof*. 
By  Ealph  Richardson,  F.RS.E. 

(Read  3rd  May  1894.) 

When  I  read,  three  months  ago,  my  paper  on  Kent's  Cavern,  I 
little  thought  I  should  so  soon  have  to  chronicle  the  death  of 
its  famous  explorer,  William  Peiigelly.  That  sad  event  occurred 
at  Torquay  on  17th  Marcli  last. 

The  son  of  a  Cornish  fisherman,  William  Pengelly  was  born 
at  East  Looe,  a  village  in  Cornwall,  on  12th  January  1812,  so 
that  he  died  at  the  ripe  age  of  eighty-two.  He  began  life  as  a 
sailor,  but  his  scientific  leanings  made  him  become  a  teacher  at 
Torquay,  where  he  established  a  school.  To  the  end  of  his  life 
he  continued  giving  lectures  on  Science  at  schools  and  institutes, 
possessing,  as  he  did,  in  a  rare  degree,  the  art  of  presenting 
Science  to  the  public  in  a  lucid  and  attractive  way.  But  he  was 
not  merely  an  admirable  speaker,  he  was  also  a  man  of  action. 
He  established  the  Torquay  Mechanics*  Institute  in  1837.  He 
founded  the  Torquay  Natural  History  Society  in  1844,  and  the 
Devonshire  Association  in  18(32. 

It  was  in  1841,  when  twenty-nine  years  old,  that  Pengelly 
attended  the  sale  of  the  effects  of  the  Rev.  John  MacEnery, 
who  had  just  died.  MacEnery  liad  from  the  year  1825  made 
continuous  researches  into  a  then  little  known  cave  near  Tor- 
quay, popularly  called  "Kent's  Hole."  Himself  a  Roman  Catholic 
priest,  MacEnery  called  in  the  assistance  of  an  eminent  An- 
glican clergyman,  the  Rev.  Dr  Buckland,  author  of  "  Reliquiae 
Diluvianae,"  who  was  at  that  time  the  great  authority  on  ossi- 
ferous caves  in  Britain,  and  together  they  investigated  Kent's 
Cavern. 

At  the  sale  of  MacEnery's  effects,  Pengelly  observed  that  a 
Torquay  tradesman  bought  for  a  small  sum  "  an  old  tea-chest 
filled  with  papers  and  odds  and  ends,  including  splintei's  of 
bones."  These  are  Pengelly's  own  words  in  his  address  to  the 
Royal  Cornwall  Polytechnic  Society  in  1886.  He  continues: — 
**  A  few  years  afterwards,  Professor  Owen  and  others,  having  in 
the  interval  deplored  the  loss  of  the  numuscripts,  he  (the  trades- 
man) turned  out  the  contents  of  the  tea-chest,  and  there  were 
the  missing  papers.  They  were  ultimately  presented  to  the 
Torquay  Natural  History  Society.  In  1869  I  transcribed  the 
whole,  and  gave  it  to  the  world  as  MacEnery  left  it." 
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Simple  as  this  narrative  is,  it  contains  the  germ  of  the  life- 
work  of  William  Pengelly.  The  contents  of  that  tea-chest  set 
him  thinking,  and  led  him  to  devote  to  the  systematic  examina- 
tion of  Kent's  Cavern  the  remainder  of  his  long  and  busy  life. 
In  1846  the  Torquay  Natural  History  Society  appointed  a  com- 
mittee of  three,  of  whom  Pengelly  was  one,  to  make  some  re- 
searches in  the  cave,  for  the  purpose  of  getting  specimens  for 
ihe  Society's  museum.  They  found  what  Northmore,  Mac- 
Eneiy,  Bnckland,  and  Godwin  Austen  had  already  found  there, 
"  remains  of  extinct  animals  in  the  Cave-earth,  and  with  them 
flint  implements." 

Another  and  similar  cavern  was  discovered  by  Philp  in  1857 
at  Brixham,  on  the  southern  shore  of  Torbay.  Pengelly  visited 
and  investigated  it,  and  read  a  paper  on  the  subject  before  the 
British  Association  at  Leeds  in  1858.  The  discoveries  in  that 
cave,  says  Pengelly,  *'  revolutionised  the  opinions  then  held  on 
the  antiquity  of  Man.  Falconer,  Lyell,  Prestwich,  Eamsay, 
and  others,  gave  in  their  adhesion  to  the  opinion  that  Man  was 
indeed  an  occupant  of  Devonshire  in  times  far  earlier  than  our 
fathers  had  supposed." 

It  was  in  1864,  however,  when  the  British  Association  met 
at  Bath,  that  the  most  thorough  and  systematic  exploration  of 
Kent's  Cavern  wa^  resolved  on.  A  committee  was  appointed, 
\nth  Pengelly  as  secretary,  and  a  grant  of  money  was  given. 
The  work  thus  begun  in  1864  was  not  ended  until  1880.  For 
tifteen  years  and  three  months  Pengelly  laboured  at  the  investi- 
gation of  Kent's  Cavern.  He  went  to  it,  he  says,  every  day  of 
his  Ufe  from  the  28th  March  1865  to  19th  June  1880,  when  the 
work  was  brought  ta  a  close.  The  result  of  the  labours  of  the 
committee  will  be  found  in  the  Reports  printed  by  the  British 
Association.  Never  was  cave  so  thoroughly  investigated  ;  and 
for  this  constant  and  conscientious  labour  of  years,  and  for  the 
invaluable  contributions  thus  made  to  our  knowledge  of  the 
antiquity  and  surroundings  of  primeval  Man,  the  world  is  in- 
debted to  William  Pengelly. 

Pengelly  was  elected  an  Associate  of  the  Edinburgh  Geo- 
logical Society  in  1888,  and  contributed  two  papers  to  the 
Society's  "Transactions."  The  first  of  these,  read  on  19th 
January  1888,  and  published  in  Vol.  v.  p.  507.  described  some 
recent  discoveries  in  Bench  Cavern,  Brixham,  Devon ;  and  the 
second,  read  on  18th  April  1889,  and  published  at  p.  37,  Vol. 
\1, is  entitled  "An  Old  Man  and  Woman;  or,  Human  Bones 
in  a  Scrobicularia  Bed  at  Newton  Abbot,  Devonshire." 

Of  course  Pengelly  was  the  recipient  of  endless  praise  and  dis- 
tinguished honours.  Members  of  the  British  Association  and 
other  societies  presented  him  with  a  testimonial  of  the  value  of 
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600  guineas  in  1874,  whilst  his  portrait  (which  he  at  once  pre- 
sented to  the  Torquay  Natural  History  Society)  was  painted  by 
subscription  in  1881.  In  October  1890,  after  holding  it  for 
thirty-nine  years,  he  retired  from  the  oflSce  of  hon.  secretary  of 
the  Torquay  Natural  History  Society,  and  he  then  received  an 
illuminated  address  attesting  the  high  respect  in  which  he  was 
held.  The  language  of  the  President  (Mr  Karkeek)  of  that 
Society,  when  he  referred  to  Pengelly  at  the  first  meeting  occur- 
ring after  his  death,  may,  as  coming  from  one  who  knew  him 
well,  fitly  close  this  brief  Obituary  notice : — "  If  there  was  one 
distinctive  trait  which  specially  marked  Pengelly  out  among 
his  fellow-men,  it  was  his  thoroughness  in  everything  he  under- 
took. Whether  as  a  citizen,  as  a  professional  man,  as  a  scien- 
tist, or  as  a  friend,  he  invariably  went  straight  forward  according 
to  his  lights.  As  a  citizen  he  peiformed  his  duties,  and  often, 
indeed,  more,  and  this  to  his  own  disadvantage  sometimes ;  as  a 
professional  maii,  he  was  most  conscientious  and  painstaking ; 
and  as  a  scientist,  he  was  accuracy  itself.  When  William 
Pengelly  reported  an  observation,  although  some  might  dififer 
from  the  conclusions  he  drew  therefrom,  the  observation  itself 
was  beyond  dispute ;  it  was  indeed  a  fact  Lastly,  as  a  friend, 
he  was  the  personification  of  fidelity,  integrity,  and  generosity." 
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ll-^Noie  on  CrolVs  Glacial  Theory,  By  Prof.  W.  M.  Davis, 
Harvard  College,  Cambridge,  Mass.,  U.S.A.,  Foreign 
Corresponding  Fellow. 

(Read  drd  May  1894.) 

The  recent  studies  of  Dr  Julius  Hann  of  Vienna,  on  the  origin 
of  cyclones  and  anticyclones,  suggest  an  amendment  to  Croll's 
physical  explanation  of  the  climate  of  the  glacial  period,  to 
which  I  desire  to  ask  the  attention  of  the  Geological  Society  of 
Edinboigh. 

In  the  first  place,  there  appear  to  be  three  classes  of  facts 
calling  for  a  common  explanation;  the  extension  of  glaciers 
from  various  centres  of  snow  accumulation ;  the  extension  of 
lakes  in  various  interior  basins ;  and  the  extension  of  rainfall 
over  the  now  dry  northern  border  of  the  Sahara.  It  is  not  yet 
directly  demonstrated  that  all  these  extensions  were  syn- 
chronous ;  but  they  appear  to  have  been  so,  as  far  as  evidence 
now  in  hand  can  decide  the  case.  In  another  respect,  how- 
ever, they  are  closely  associated;  this  is  in  their  all  being 
winter  products;  indeed,  they  may  all  be  regarded  as  the 
products  of  more  wintry  winters  than  we  now  have.  Where 
snowfall  is  now  heavy,  more  snowfall  would  produce  glaciers  ; 
where  interior  basins  are  now  arid,  they  are  less  parched  under 
the  winter  storms  than  under  the  summer  sun;  where  the 
northern  Sahara  is  now  dry  and  dusty  in  summer,  it  has  some 
rainfall  in  winter,  but  not  so  much  as  formerly. 

CroU's  theory  attempted  to  account  for  the  first  of  these 
effects  of  more  severe  winters  by  his  well-known  astronomical 
theory ;  but  he  gave  little  attention  to  the  processes  by  which 
snowy  precipitation  would  be  produced,  aild  he  had  little  to  say 
about  the  other  series  of  facts  which  may  be  reasonably  asso- 
ciated with  the  former  extension  of  glaciers  and  ice  sheets.  It 
seems,  however,  that  all  three  series  of  facts  follow  closely  from 
the  conditions  argued  by  Croll,  and  it  is  to  the  meteorological 
processes  involved  in  their  explanation  that  I  will  now  turn. 

Croll  argued  in  favour  of  long  and  cold  aphelion  winters  as 
the  chief  cause  of  the  glacial  period.  In  such  winters,  the  rate 
of  decrease  of  temperature  from  equator  to  pole  would  be  rapid  ; 
the  differences  of  atmospheric  pressure  thus  determined  would 
be  strong,  and  the  general  circulation  of  the  atmosphere  in  the 
winter  hemisphere  would  be  accelerated.      It  is  well  known 
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that  under  existing  conditions  the  winds  of  the  winter  hemi- 
sphere are  stronger  than  those  of  the  summer  hemisphere. 
The  difference  in  their  strength  would  have  been  still  greater 
during  the  conditions  inferred  by  CroU  as  accounting  for  the 
glacial  period.  It  is  to  the  increased  strength  of  the  winds 
in  the  winter  hemisphere,  that  I  believe  we  may  look  for  an 
effective  cause  of  the  several  classes  of  facts  already  enumer- 
ated. 

In  the  first  place,  consider  the  effect  of  a  more  active  general 
circulation  on  the  production  of  precipitation.  Dr  Hann's 
discussions  of  the  meteorological  observations  on  the  Sonnblick, 
the  highest  meteorological  station  of  Europe,  and  of  other 
Alpine  stations,  has  led  many  to  reconsider  their  former  belief 
in  the  convectional  origin  of  cyclones  and  anticyclones ;  those 
great  travelling  areas  of  whirling  winds  with  centres  of  low  or 
high  pressure,  by  which  the  temperate  zones  are  so  strikingly 
characterised.  There  has  been  a  general  acceptance,  provision- 
ally at  least,  of  Dr  Hann's  explanation  of  the  dynamic  origin  of 
cyclones  and  anticyclones,  as  driven  eddies  in  the  somewhat 
tangled  movement  of  the  general  circumpolar  winds.  The 
occurrence  of  more  8Uid  stronger  cyclonic  and  anticyclonic 
disturbances  in  winter  than  in  summer  favors  this  view.  If 
convectional,  the  disturbances  should  have  their  maximum  of 
frequency  and  intensity  in  summer,  when  the  vertical  tempera- 
ture gradient  is  strongest,  and  when  th6  absolute  humidity  of 
the  air  affords  the  greatest  assistance  to  convectional  movements 
by  the  more  plentiful  supply  of  latent  heat  liberated  in  the 
condensation  of  cyclonic  clouds.  If  dependent  on  the  strength 
of  the  general  circumpolar  winds,  it  is  natural  that  the  disturb- 
ances should  be  stronger  in  winter,  when  the  general  circulation 
is  strengthened  by  the  increased  difference  of  equatorial  and 
polar  temperature  then  prevailing. 

A  longer  and  more  severe  winter  would  therefore  provoke 
more  active  cyclonic  processes,  and  it  is  entirely  upon  these 
that  our  snowfall  in  temperate  latitudes  depends.  It  is  not 
correct  to  urge,  as  some  geologists  have  done,  that  the  snowfall 
for  a  glacial  period  requires  an  increased  amount  of  vapor  in 
the  atmosphere,  and  hence  a  higher  temperature.  The  essential 
thing  is  to  cause  a  greater  precipitation  of  snow,  and  this 
requires  a  greater  activity  of  winter  cyclonic  storms,  and  a 
longer  duration  of  the  winter  in  which  they  occur.  The  local 
convectional  rainfall  of  the  doldrums,  the  violent  intertropical 
cyclones  of  the  autumnal  season,  and  the  active  thunderstorms 
of  heated  land  areas,  all  flourish  in  times  and  regions  of  strong 
sunshine,  strong  vertical  temperature  gradients,  high  humidity, 
and  active  convectional  overtumings ;  but  temperate  and  higher 
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latitudes  receive  practically  no  snowfall  from  them.  Snowfall 
depends  on  winter  stonns ;  these  in  turn  would  seem  to  depend 
on  the  general  winds ;  these  on  the  increased  contrast  of  equa- 
torial and  polar  temperatures ;  and  this  on  the  long  aphelion 
winter. 

In  the  second  place,  the  cyclonic  storms  that  produce  snow- 
fall in  higher  latitudes,  produce  rainfall  in  middle  latitudes. 
The  conditions  which  would  cause  an  accumulation  of  snowfall 
in  north-eastern  America  from  the  cyclonic  storms  of  winter, 
would  also  cause  an  accumulation  of  rainfall  in  the  interior 
basins  of  Utah  and  Nevada.  The  same  common  process  w^ould 
cause  an  expansion  of  snowfields  in  north-western  Europe,  and 
an  extension  of  lakes  in  the  arid  regions  of  south-western  Asia. 

In  the  third  place,  an  increased  severity  of  winter  tempera- 
tures would  carry  the  belt  of  winter  rains  further  south  over 
the  northern  Sahara.  This  requires  a  little  explanation.  The 
rainfall  of  the  northern  Sahara  belongs  to  the  class  known  as 
sub-tropical  rainfall.  It  occurs  in  winter,  when  the  tropical  belt 
of  high  pressure  moves  towards  the  equator,  allowing  the  pre- 
vailing westerly  winds,  with  their  cyclones  and  anticyclones,  to 
encroach  on  a  belt  of  country  that  was  six  months  before  swept 
over  by  the  parching  trade  winds.  Now  let  it  be  remembered, 
that  the  tropical  belt  of  high  pressure  owes  its  existence  to  the 
whirl  of  the  general  atmospheric  circulation  around  the  pole ; 
and  further,  that  this  belt  of  high  pressure  migrates  with  the 
seasons,  being  pushed  towards  the  equator  in  winter,  when  the 
general  circumpolar  winds  are  stronger,  and  relaxing  towards 
the  pole  in  summer,  when  the  circumpolar  winds  are  weaker. 
From  this  it  is  plain  that  when  the  contrast  between  winter  and 
summer  temperatures  is  excessive,  as  in  the  inferred  conditions 
of  the  glacial  period,  then  the  migration  of  the  tropical  belt  of 
high  pressures  would  be  increased  over  its  present  moderate 
measure.  When  it  moved  further  towards  the  equator  in  winter 
than  it  does  now,  a  greater  area  of  the  northern  Sahara  and  of 
other  similarly  situated  regions  ^vould  be  encroached  upon  with 
stormy  westerly  winds,  and  receive  rainfall  from  the  passing 
cyclones.  While  our  understanding  of  this  process  comes 
largely  from  Professor  William  Ferrel,  it  is  a  pleasure  to  recog- 
nise that  he  had  a  compeer  in  Professor  James  Thomson,  of 
Glasgow,  who  announced  the  essential  explanation  of  the  cir- 
cumpolar circulation  of  the  atmosphere  over  thirty  years  ago. 

It  seems,  therefore,  that  there  is  an  important  correlation 
between  aphelion  winters  on  the  one  hand,  and  heavy  snowfall 
in  glaciated  regions,  heavy  rainfall  in  interior  basins,  and  in- 
creased rainfall  on  the  outer  margin  of  the  dry  belts  of  the 
torrid  zone  on  the  other  hand ;  the  essential  connection  between 
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the  first  and  last  groups  of  phenomena  being  the  more  rapid 
cifcumpolar  whirl  of  the  general  atmospheric  circulation. 

I  do  not  offer  this  as  a  panacea  for  all  glacial  troubles ;  but 
simply  as  a  corollary  following  from  CroU's  theory,  perhaps 
deserving  the  consideration  of  geologists  and  meteorologists, 
along  with  the  many  other  factors  by  which  the  climate  of  the 
glacial  period  is  finally  to  be  explained. 
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It  is  generally  admitted  that  the  modem  science  of  Geology 
owes  its  fundamental  principle  of  "Uniformity"  to  an  Edin- 
burgh man — James  Hutton.  By  the  adoption  of  this  principle, 
which  means  that  we  should  interpret  the  past  by  what  we 
observe  around  us  to-day,  the  science  has  been  established 
on  sure  foundations,  and  has  made  great  and  ceaseless  progress. 

James  Hutton  (1726-1797)  was  bom  in  Edinburgh  on  3rd 
June  1726,  and  was  the  son  of  William  Hutton,  Merchant^  and 
City  Treasurer.  He  was  educated  at  the  High  School  and 
University  of  Edinburgh,  and  although  apprenticed  to  a  Writer 
to  the  Signet,  preferred  the  study  of  Medicine  to  that  of  Law. 
For  three  years  he  studied  medicine  in  the  University  of  Edin- 
burgh, afterwards  proceeding  to  Paris  and  Leyden.  At  the 
latter  University  he  took  his  degree-  of  Doctor  of  Medicine. 
Having  inherited  from  his  father  the  property  of  Sligh  Houses 
in  Berwickshire,  Hutton  abandoned  Medicine  for  Agriculture, 
and  after  studying  under  a  Norfolk  farmer,  he  resolutely  set 
himself  to  improve  the  backward  state  of  agriculture  in  Ber- 
wickshire, and  introduced  several  reforms.  He  afterwards 
wrote  a  "Treatise  on  Agriculture,"  the  MS.  of  which  (un- 
published) is  in  the  Library  of  the  Edinbui^h  Geological 
Society. 

In  1764,  Hutton  made  an  extensive  tour  through  the  North 
of  Scotland  with  his  friend  Sir  George  Clerk,  and  the  rocks 
they  met  with  and  examined  on  the  way  turned  his  mind  to 
geology.  In  1768  he  let  his  Berwickshire  farm  and  removed 
to  Edinburgh,  where  he  became  one  of  a  distinguished  literary 
and  scientific  circle,  which  included  Adam  Smith,  James  Watt, 
Dr  Black,  David  Hume,  John  Home,  John  Clerk  of  Eldin, 
Eev.  Dr  Carlyle,  and  others.  In  this  famous  galaxy  Hutton 
played  a  leading  part,  for  he  was  a  brilliant  convei'sationalist. 
**  It  is  impossible  by  words,"  says  his  biographer,  Professor  Jolin 
Playfair,  "  to  convey  any  idea  of  the  effect  of  his  conversation, 
and  of  the  impression  made  by  so  much  philosophy,  gaiety, 
and  humour,  accompanied  by  a  manner  at  once  so  animated  and 
so  simple."  Hutton's  personal  appearance  is  represented  in 
the  portrait  by  his  contemporary,  John  Kay,  prefixed  to  this 
Address. 

When  Hutton  began  the  study  of  geology,  the  doctrines  of 
the  celebrated  German  geologist  Werner  were  in  high  repute. 
Wemer  held  that  igneous  rocks  were  chemical  precipitates  from 
water.  His  disciples  were  hence  called  Neptunists.  Hutton 
had  never  believed  in  the  Wernerian  theory,  and  at  last  stoutly 
contested  it.  He  maintained  that  igneous  rocks  were  derived 
from  matter  in  fusion  within  the  earth.  His  disciples  were 
accordingly  called   Vulcanists,  and  the  igneous  rocks  around 
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Edinburgh  formed  a  fitting  and  frequent  battleground  for  the 
opposing  camps. 

In  1785  Hutton  found  clear  proofs  of  granite  being  formed 
from  matter  in  fusion,  for,  when  on  a  visit  to  the  Duke  of 
Athole,  he  observed  in  Glen  Tilt  veins  of  red  granite  traversing 
black  micaceous  schist  and  primary  limestone.  So  delighted 
was  he  with  this  confirmation  of  his  theory,  that  his  companions 
thought  he  had  discovered  a  vein  of  gold.  A  similar  triumph 
was  enjoyed  by  his  disciples  near  the  "Cat's  Nick"  on  the 
Salisbury  Crags,  where  a  mass  of  sandstone  was  seen  pervaded 
in  all  directions  by  minute  veins  of  trap.  The  Hujttonians 
asserted  that  the  ti*ap  had  passed  through  the  sandstone  in  a 
fluid  state.  The  Wemerians  denied  this ;  so,  "  to  settle  the 
pointy  Sir  James  Hall  had  a  portion  of  the  debris  cleared  away, 
when  the  trap  was  found  passing  through  the  sandstone  as  the 
Huttonians  anticipated."     (Maclarm's  " Fife  and  the  Lothians*') 

But  Hutton*s  great  principle  of  **  Uniformity,"  to  which 
reference  has  already  been  made,  and  his  views  on  the  gradual 
building-up  of  the  rocky  covering  of  the  earth  were  best 
unfolded  in  papers  which  he  read  before  the  Royal  Society  of 
Edinburgh,  and  which  afterwards  developed  into  his  celebrated 
work  on  "The  Theoiy  of  the  Earth,"  which  was  published  in 
1795.  This  work  laid  the  foundation  of  the  Uniformitarian,  as 
opposed  to  the  Catastraphic,  School  of  Geology.  It  was  upon 
this  foundation  that  another  Scotsman,  Sir  Charles  Lyell,  reared 
the  stately  edifice  of  his  "  Principles  of  Geology."  ^ 

Lyell  prefixed  to  his  "Principles"  the  following  words  of 
John  Playfair  (1748-1819),  Professor  of  Mathematics  in  Edin- 
burgh University,  who  in  his  "  Illustrations  of  the  Huttonian 
Tlieory  of  the  Earth  "  (published  in  1802),  gave,  in  more  lucid 
diction  than  his  master's,  the  leading  principles  of  Hutton : — 
"*  Amid  all  the  revolutions  of  the  globe  the  economy  of  Nature 
has  been  uniform,  and  her  laws  are  the  only  things  that  have 
resisted  the  general  movement  The  rivers  and  the  rocks,  the 
seas  and  the  continents,  have  been  changed  in  all  their  parts, 
but  the  laws  which  direct  those  changes,  and  the  rules  to  which 
they  are  subject,  have  remained  invariably  the  same."  "The 
•characteristic  feature,"  said  Lyell,  "  of  the  Huttonian  theory  was 
the  exclusion  of  all  causes  not  supposed  to  belong  to  the  present 
order  of  Nature." 

Hutton,  Plajrfair,  and  SiE  James  Hall  of  Dunglass,  Bart 
(1761-1832),  were  close  companions,  and  were  among  the  greatest 
of  the  founders  of  the  modern   science  of  geology.     Whilst 

^  For  farther  details  regarding  James  Button,  see  paper  by  Author  in  vol.  v. 
-of  the  Society's  Tratisadions,  page  251. 


Digitized  by  VjOOQIC 


84  EDINBUBGH  OEOLOOICAL  SOCIETY. 

Uiitton,  by  his  "Theory  of  the  Earth,"  originated  the  ideas  of 
the  new  science,  Playfair  by  his  classic  style  gave  them  popu- 
larity  and  force.  Francis  Jeflfrey  declared  Playfair's  **  Illustra- 
tions of  the  Huttonian  Theory "  to  be  a  work  **  which  must 
always  be  ranked  amongst  the  most  brilliant  and  powerful 
products  of  philosophical  genius."  Sir  James  Hall,  again,  by 
means  of  his  experiments  on  the  fusibility  of  rocks,  earned  the 
title  of  the  "Founder  of  Experimental  Geology."  Nor  should 
we  forget  their  friend,  Joseph  Black  (1728-1799),  Pix)fe88or  of 
Chemistry  in  Edinburgh  University,  whose  "  discoveries,"  said 
Playfair,  ''mark  an  era,  before  which  men  were  not  qualified  to 
judge  of  the  nature  of  the  powers  that  had  acted  in  the  con- 
solidation of  mineral  substances." 

These  were  not,  however,  the  only  pioneers  of  geology  in  Edin- 
burgh at  the  close  of  the  ei^teenth  century.  John  Walkbb,  Pro- 
fessor of  Natural  History  in  Edinburgh  University,  published  in 
1787  his  "Classes  Fossilium,"  and  in  1792  his  "  Institutes,"  whilst 
his  interesting  autobiography,  which  appeared  in  January  1 822 
in  the  Edinburgh  Philosophical  Journal,  describes  his  Geological 
Expeditions  from  1746  onwards.  Then  John  Williams, 
Manager  of  Gilmerton  CoaJ-works,  published  two  vols.  8vo.  in 
1789  on  the  Mineral  Kingdom,  in  which  he  describes  the  Coal- 
fields of  Scotland,  particularly  the  Edge  Coal  Seams  of  Mid- 
lothian. A  second  edition  appeared  in  1810,  edited  by  James 
MiLLAK,  M.D.,  Lecturer  on  Natural  History  and  Chemistry. 
Robert  Townson,  LLD.,  described  the  Mineralogy  of  the 
Environs  of  Edinburgh  in  his  work  on  Natural  History, 
published  in  1799;  whilst  Robebt  Paterson,  M.D.,  detailed 
the  fossil  organic  remains  in  the  Coal  formation  at  Wardie 
in  the  Edinburgh  New  Philosophical  Journal  for  July  1837. 

More  notable  than  these  is  Dr  Samuel  Hibbkbt  (1782-1848), 
whose  celebrated  papers  on  the  Limestone  of  Buixliehouse,  near 
Edinburgh,  were  read  before  our  Boyal  Society  in  1833-34. 
To  the  same  Society  its  Treasurer,  Thomas  Allan  (  -1833) 
contributed  papers  on  fossils  from  Craigleith  Quarry,  near 
Edinburgh,  whilst  his  paper,  read  in  1811,  on  the  "Rock& 
in  the  vicinity  of  Edinburgh,"  was  considered  by  Dr  John 
Fleming  a  communication  of  great  value.  "Intimately 
acquainted,"  says  Fleming,  "with  mineral  species  and  with 
rocks,  he  has  furnished  the  most  important  contributions  to 
our  knowledge  of  Edinbui^h  lithology  of  any  member  of  the 
partisans  of  either  Hutton  or  Werner."  (Lithology), 

The  leading  representative  of  science  in  Edinburgh  during 
the  first  half  of  the  nineteenth  century  was  probably  Boberp 
Jameson(1  774-1854),  who,succeeding  Professor  Walker,  occupied 
the  chair  of  Natural  History  in  Edinburgh  University  for  the 
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lengthened  period  of  fifty  years  (1804-54).  He  was  an  eminent 
and  enthnsiastic  Wemerian^  and  was  the  author  of  a  treatise  on 
•"Geognosy,"  published  in  1808,  besides  various  works  on 
Mineralogy,  published  between  1800  and  1837.  For  many 
years  he  was  the  esteemed  President  of  the  Werkerian 
Natubal  History  Societt  of  Edinburgh,  and  also  Editor 
of  the  "  Ediabnigh  New  Philosophical  Journal."  Both  society 
and  journal  have  long  ceased  to  exist  Jameson's  pupils 
indude  some  very  eminent  men  of  Science,  one  of  the  most 
distinguished  being  Ami  Bovt  (1794-1881),  who  was  one  of 
the  founders  of  t£e  Geological  Society  of  France,  of  which 
he  was  elected  President  in  1835.  A  native  of  Hamburg, 
Bou^  graduated  in  medicine  in  Edinbuigh  University,  and 
soon  afterwards  published  his  well-known  "Essai  g^logique 
sur  TEoosse."  Although  trained  in  the  Wemerian  school,  he 
was  one  of  the  chief  assailants  of  its  tenets  abroad  He  died  in 
Vienna,  of  which  he  was  one  of  the  leading  savants,  after  a  long 
and  most  eventful  scientific  career. 

Another  of  Jameson's  students,  Patrick  Neill  (1776-1851), 
a  well-known  Edinburgh  botanist  and  naturalist^  gives  us  a 
specimen  of  Jameson's  teaching  as  a  Field  Greologist^  in  a 
description  of  the  ''  Geological  Structure  of  the  Oalton  Hill,^' 
in  the  Sdinbicrgh  Magazine  for  August  1817.  Neill  remarks : 
^The  distinguished  Professor  of  Mineralogy  in  our  University 
makes  it  a  rule  to  visit  this  hill,  accompanied  by  the  young 
gentlemen  attending  his  class,  and  to  point  out  the  nature 
and  relations  of  the  rocks."  Dr  Neill  was  secretary  of  the 
Wemerian  Natural  History  Society  during  its  whole  existence. 
Mainly  through  his  exertions,  the  "  Nor'  Loch  "  was  drained  in 
1820,  and  the  West  Princes  Street  Gardens  were  formed  on  its 
site.  The  Neill  Medal  of  the  Royal  Society  of  Edinburgh 
perpetuates  his  memory,  being  the  result  of  a  bequest  of  J> 
NeilL 

Still  another  of  Jameson's  students  was  that  celebrated 
Arctic  explorer,  SiB  John  Richardson  (1787-1865),  a  Dumfries 
man,  who,  when  a  boy,  enjoyed  the  friendship  of  the  poet  Bums. 
Bicfaardson  published,  on  his  return  from  his  second  Arctic 
expedition,  his  "Fauna  Boreali  Americana,"  which  at  once 
became  the  standard  work  on  the  Zoology  of  British  North 
America.  He  next  devoted  himself  to  ichthyology,  and  was 
considered  the  leading  exponent  of  the  science  in  England. 
His  geological  and  geographical  papers,  and  his  books  on 
Sapert's  Land  and  the  Polar  Regions,  attest  his  ability  and 
industry,  whilst  his  voyages  made  his  name  a  household  word. 

Greater  than  any  of  these,  however,  was  one  who,  in  his 
student  days,  lived  at  No.   11  Lothian  Street,  a  plain  house 
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still  standing  unaltered,  and  marked  with  a  tablet  It  was 
there  that  the  iUnstrious  Charles  Darwin  (1809-82)  resided 
with  his  brother  Erasmus^  and  although  it  is  said  he  derived 
no  benefit  from  Jameson's  geological  prelections,  the  fact 
remains  that  he  was  one  of  that  Professor's  students  during 
the  year  1825-26.1 

Tet  another  celebrated  student  of  Jameson's  must  be 
mentioned.  Sir  William  E.  Logan  (1798-1875),  although 
bom  at  Montreal,  of  Scottish  parents,  was  educated  at  the 
High  School  and  University  of  Edinburgh,  where  he  studied 
under  Jameson.  In  1842  Logan  was  appointed  the  first 
Director  of  the  Geological  Survey  of  Canada,  and  mapped 
out  the  geolo^  of  the  vast  Dominion. 

In  the  earlier  part  of  the  century,  we  find  (what  is  rare)  a 
nobleman  elucidating  the  geology  of  the  neighbourhood. 
Lord  Greenock  (1785-1859),  afterwards  Earl  Cathcart,  read 
before  the  Eoyal  Society  of  Edinburgh,  in  1833,  a  paper  on 
the  igneous  rocks  of  Edinburgh,  more  particularly  the  section 
exposed  to  the  south  of  the  Castle  Hill,  of  which  he  gives  a 
fine  illustration.  This  celebrated  section,  where  the  intrusive 
igneous  rock  of  the  Castle  is  seen  enveloping,  calcining,  and 
carrying  up  with  it  portions  of  the  stratified  rocks,  is  visible 
from  Johnston  Terrace,  and  Lord  Greenock  says  it  was 
preserved  to  public  view  through  the  exertions  of  Professor 
Jameson  and  Thomas  Allan. 

One  of  the  earliest  and  best  known  general  descriptions  of 
the  geology  of  the  Edinburgh  district  is  the  essay  on  the 
Greology  of  the  Lothians,  by  Bobert  James  Hay  Cunningham^ 
which  was  published  in  1838,  as  a  Prize  Essay,  in  the  Memoirs 
of  the  "  Wemerian  Natural  History  Society,"  accompanied  by 
numerous  plates,  and  a  Geological  Map  of  the  Lothians  by  Mr 
Hay  Cunningham.  The  author  states  that  "  from  accompany- 
ing Professor  Jameson  in  his  excursions,  he  has  derived  much 
information,  and  has  endeavoured  to  conduct  his  researches  on 
the  principles  so  ably  taught  by  that  experienced  and  cele- 
brated geologist."  He  has  also  coloured  his  map  in  accordance 
with  a  paper  by  Jameson  "On  the  colouring  of  Geological 
Maps,"  published  in  the  first  vol.  of  the  Wemerian  Society's 
Transactions.  It  may  be  added  that  in  1837  a  Memorial  from 
this  Society,  signed  by  Jameson,  as  its  President,  was  pre- 
sented to  H.M.  Treasury,  calling  attention  to  "the  very 
defective  state  of  the  best  existing  Maps  and  Charts  of 
Scotland,"    especially    Arrowsmith's    Map    of   Scotland,    and 

^  For  further  details  regarding  Charles  Darwin,  see  paper  by  Author  in  voL  yu 
of  the  Society's  TranaadionSf  page  1. 
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pointing  put  the  impracticabQity  of  constructing  a  Greological 
Map  of  Scotland  on  which  dependence  could  he  placed  until 
the  Trigonometrical  survey  of  Scotland  was  completed. 

A3  a  naturalist  and  palaeontologist,  few  Scotsmen  are  more 
celebrated  than  John  Fleming  (1785-1857),  a  clergyman  of 
the  Established  Church,  who  became  Professor  of  Natural 
PhQosophy  in  the  University  of  Aberdeen,  and  latterly  Pro- 
fessor of  Natural  Science  in  the  New  College,  Edinburgh. 
Between  1822  and  1851  he  published  various  works  on 
Zoology  and  Meteorology,  but  as  a  geologist  he  is  perhaps 
best  known  for  his  discoveries  and  researches  in  connection 
with  the  Fishes  of  the  Old  Bed  Sandstone.  That  great 
authority  Agassiz  specially  visited  Fleming  in  Aberdeen  in 
1840  to  discuss  this  subject,  and  afterwards  declared  in  his 
splendid  Monograph  on  Fossil  Fishes:  ''C'est  sans  contrcdit 
au  c<51ebre  Professeur  d' Aberdeen  (M.  le  Doct  Fleming)  qu'est 
due  la  premiere  decouverte  de  poissons  fossiles  dans  le  terrein 
devonien."  Fleming  was  not  only  the  first  to  discover  fish 
remains  in  the  Old  Bed,  but  he  was  also  the  first  to  announce 
that  the  Old  Bed  is  a  fresh-water  formation.  As  Sir  Andrew 
C.  Bainsay  remarked  in  1880,  in  his  Presidential  Address  to 
the  British  Association:  "In  the  year  1830,  the  Bev.  Dr 
^Fleming  of  Edinburgh  read  a  paper  before  the  Wernerian 
Society,  in  which  he  boldly  stated  that  the  Old  Bed  Sandstone 
is  a  fresh-water  formation  of  older  date  than  the  Carboniferous 
limestone.  Tlus  statement,  however,  seems  to  have  made  no 
impression  on  Geologists  till  it  was  revived  by  Godwin^ 
Austin"  in  1856.  A  treatise  by  Dr  Fleming,  on  "The 
lithology  of  Edinburgh,"  was  published  in  1859,  and  besides 
its  geological  value,  contains  interesting  historical  references 
to  the  old  Edinburgh  Geologists  who  preceded  him. 

Among  these  was  William  Nicol  (1768-1861),  to  whom, 
as  Fleming  remarks,  ''the  students  of  fossil  organisms  are 
indebted  for  the  processes  by  which  thin  slices  of  petrifactions 
can  be  prepared  so  as  to  permit  the  application  of  the  micro- 
scope to  the  examination  of  their  intimate  structure."  At  the 
Aberdeeu  Meeting  of  the  British  Association  in  1885,  Professor 
Judd,  in  his  Presidential  Address  to  the  Geological  section, 
observed:  "I  cannot  refrain  from  reminding  you  that  while 
the  initiative  in  the  application  of  the  palaeontological  method 
of  research  was  taken  by  an  English  land-surveyor  (William 
Smith),  we  are  indebted  to  a  Scotchman  in  an  equally  lowly 
station  of  life  for  overcoming  some  of  the  first  difficulties  in 
connection  with  petrographical  study.  Many  microscopists 
had  employed  their  instruments,  and  sometimes  with  useful 
results,  in  the  study  of  the  powders  and  the  polished  surfaces 
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of  locks,  but  it  is  to  William  Nicol  of  Edinburgh,  the  inventor 
of  the  well-known  polarising  prism  which  bears  his  name,  that 
we  owe  the  discovery  of  the  method  of  preparing  transparent 
sections  of  fossils,  crystals,  and  rocks,  whereby  their  internal 
structure  may  be  examined  by  transmitted  light  Nicol  be- 
queathed his  preparations  to  his  friend  Alexander  Beyson, 
and  some  of  tliem  are  now  preserved  in  the  British  Museoni.*' 
He  invented  the  now  famous  "Nicol's  prism"  in  1828. 
Another  local  geologist  of  note  was  Williah  Euind,  whose 
**  Geology  of  Scotland  "  was  published  in  1842,  and  his  "  Geology 
of  the  Environs  of  Edinburgh  **  in  1846, — two  little  handbooks 
suited  for  the  pocket  of  the  Field  Geologist,  and  indicating  the 
growth  of  a  taste  for  the  science  among  the  general  public 

The  next  geologist  to  be  mentioned  was  one  of  those  extra- 
ordinary geniuses  whose  name  and  fame  are  world-wide.  To 
sterling  scientific  claims,  Hugh  Milleb  (1802-1856)  added 
literary  and  oratorical  attainments  of  a  character  whidi  com- 
manded universal  attention.  Never  before  had  science  been 
promulgated  with  such  eloquence,  poetry,  or  power.  Geology 
was  at  last  removed  from  arid  discussion  in  aciEulemic  societies, 
and  made  the  daily  thought  and  delight  of  the  humblest 
working-man.  Thus  Hugh  Miller  touched  with  magic  wand 
the  science  to  which  he  had  devoted  himself,  and,  by  popular- 
ising geology,  gave  its  study  an  impetus  which  it  has  ever 
since  felt  Miller  learnt  geology  in  a  thoroughly  practical 
manner  by  becoming  apprentice  to  a  stonemason  at  the  age 
of  seventeen,  and  working  in  the  quarries  near  Cromarty.  His 
active,  intelligent  mind  did  not,  like  that  of  so  many  masons 
and  quarriers,  rest  satisfied  with  the  mere  hewing  of  stones, 
but  enquired  as  to  their  nature,  history,  and  contents.  ''It 
was  the  necessity,"  he  said,  "  which  made  me  a  quarrier,  tliat 
taught  me  to  be  a  geologist."  On  attaining  majority,  Miller 
left  Cromarty  for  Edinburgh,  and  worked  there  as  a  mason  at 
various  important  buildings.  In  spite  of  his  splendid  physique, 
however,  the  dust  of  stone-hewing  began  to  tell  on  his  lungs, 
and  he  returned  to  the  North,  where  he  narrowly  escaped  being 
recruited  as  a  Grenadier  by  a  zealous  recruiting-sergeant,  who 
had  taken  a  fancy  to  his  stalwart  appearance. 

Devoting  himself  to  literature  and  geology  during  his  leisure 
hours,  the  Culbin  Sands,  near  Forres,  with  their  weird  histoiy, 
early  attracted  his  attention  and  awoke  his  imagination.  Then 
the  tremendous  hurricane  of  1830  which  swept  over  the  North 
of  Scotland,  felling  4000  trees  in  a  single  hour  at  Cromarty, 
led  him  to  muse  on  this  possibly  furnishing  a  key  to  the 
formation  of  Scottish  morasses.  '*Much  of  the  interest,"  he 
remarks,  '*of  a  science  such  as  geology  must  consist  in  the 
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ability  of  making  dead  deposits  represent  living  scenes."  At 
last  Miller  discovered,  to  his  delight,  fish-remains  in  the  Old 
Bed  Sandstone  near  Ciomarty,  and  fiom  this  date  (1830) 
devoted  himself  to,  and  became  a  leading  authority  on,  the 
Old  Bed.  In  1841  he  published  his  celebrated  treatise  on 
"The  Old  Eed  Sandstone,  or  New  Walks  in  an  Old  Field," 
4uid  dedicated  it  to  that  distinguished  Scottish  geologist, 
Soderick  L  Murchison,  then  President  of  the  Geological  Society 
of  London,  and  who  himself  came  from  the  Cromarty  district. 

Hugh  Miller  appeared  at  a  time  when  the  air  of  Scotland, 
And  notably  its  capital,  was  full  of  ecclesiastical  strife,  and 
when  any  heterodox  views  were  regarded  with  suspicion  and 
dialika  As  a  geologist  he  had  to  explain  the  Creation  of  the 
World  to  popular  audiences  tormented  with  the  idea  that  their 
faith  was  in  danger.  Apparently  he  issued  triumphantly  from 
the  ordeal,  for  he  was  intrusted  with  the  editorship  of  a  most 
orthodox  religious  otgan  published  in  Edinburgh.  Occasionally 
he  broke  away  fiom  ecclesiastical  trammels,  and  refreshed  him- 
self with  a  geological  holiday,  as  is  proved  by  his  **  Cruise  of 
the  Betsey,  or  a  Summer  Bamble  among  the  Fossiliferous  De- 
posits of  the  Hebrides " ;  his  *'  Bambles  of  a  Geologist,  or 
Ten  Thousand  Miles  over  the  Fossiliferous  Deposits  of  Scotland''; 
and  his  "  Geology  of  the  Bass  Rock."  But  such  a  work  as  his 
*•  Footprints  of  the  Creator,  or  the  Asterolepis  of  Stromness," 
pnbUshed  in  1849,  shows  that  strange  blending  of  religion  and 
science  which  formed  the  characteristic  of  the  period.  Another 
work  of  the  same  nature,  entitled,  •*  The  Testimony  of  the  Hocks, 
or  Geology  in  its  bearings  on  the  Two  Theologies,  natural  and 
revealed,"  was  published  in  1857,  after  Miller's  death,  under 
the  editorship  of  Dr  John  Fleming.  Miller's  contention  through- 
out is  that  "  Geology,  rightly  understood,  does  not  conflict  with 
Revelation." 

At  this  stage,  it  may  be  convenient  to  refer  to  various  eminent 
men  who  advanced  the  science  of  geology,  and  who  were  more 
or  less  connected  with  Edinburgh.  Among  these  was  that 
celebrated  pioneer  of  geology,  John  Maocxjlloch  (1773-1835), 
whose  ••Geological  Map  of  Scotland,"  ••Treatise  on  Rocks," 
and  "  System  of  Geology,"  old-fashioned  though  they  may  be, 
showed  the  grasp  of  his  mind  and  the  wide  scope  of  his  investi- 
gations, whilst  his  letters  to  Sir  Walter  Scott  during  his  tour 
through  Scotland  are  full  of  interesting  and  valuable  scientific 
ideas.  Macculloch  graduated  in  medicine  in  Edinburgh  Uni- 
versity, and  was  in  1811  employed  by  Government  on  geograph- 
ical and  other  scientific  research  in  Scotland. 

Sib  Thomas  Dick  Lauder  (1784-1848)  and  Sir  William 
Jardine  (1800-1874)  were  two  baronets  of  scientific  distinction 
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who  paid  much  attention  to  geological  phenomena.  The  former'a 
contributions  regarding  Scottish  earthquakes,  the  Moray  floods, 
and  the  parallel  roads  of  Lochaber,  are  well  known.  The  latter's 
researches  among  the  Permian  sandstones  of  Dumfriesshire,  and 
his  discovery  of  reptilian  footprints  there,  besides  his  general 
contributions  to  science,  are  justly  held  in  esteem.  As  a  Uni- 
versity city  of  the  first  rank,  Edinburgh  lias  always  had  cele- 
brated geologists  among  her  professors.  That  distinguished 
naturalist  and  geologist,  Edward  Forbes  (1815-1854),  helcl 
the  chair  of  Natural  History  in  Edinburgh  University  after 
Jameson's  death ;  and  his  equally  celebrated  namesake,  James> 
D.  Forbes  (1809-1868),  occupied  that  of  Natural  Philosophy  in 
the  same  University  until  he  became  Principal  of  the  University 
of  St  Andrews.  His  devotion  to  the  study  of  Glaciers,  and  hi& 
elaborate  investigation  of  their  natm^  will  ever  render  his 
name  famous  in  the  field  of  physical  geolog}'. 

It  was  in  1840,  however,  that  the  Edinburgh  School  of 
Geology  received  new  strength  and  vigour,  for  the  renowned 
Swiss  Geologist,  Louis  Agassiz  (1807-1873),  then  visited  Scot- 
land and  unfolded  his  *'  Glacial  Theory ''  to  her  geologists. 
Little  did  he  then  imagine  that,  of  all  his  disciples,  none 
would,  in  after  years,  spread  his  teachings  more  successfully 
throughout  the  scientific  world  than  natives  of  the  city  of 
Edinburgh.  Agassiz  attended  the  meeting  of  the  British 
Association,  which  was  held  in  Glasgow  in  September  1840^ 
and  discussed  with  Murchison  and  Hugh  Miller,  in  the 
Geological  Section,  the  Fishes  of  the  Old  lied  Sandstone.  Then 
they  had  a  field-day  on  Glaciers,  when  Agassiz  introduced 
his  Glacial  theoiy,  and  Murchison  opposed  it.  Undeterred, 
however,  and  fully  convinced  that  he  would  find  in  Scotland 
ancient  vestiges  of  the  same  glacial  action  which  he  had  seen  in 
active  progress  amid  his  native  Alps,  Agassiz,  accompanied 
by  his  one  British  disciple,  Dr  Buckland,  started  for  the 
Highlands.  He  found  there,  as  he  had  anticipated,  evidences- 
of  the  same  glacial  phenomena  as  occurred  in  Switzerland. 
From  Fort  Augustus  he  wrote,  on  3rd  October  1840,  to  Professor 
Jameson,  Editor  of  the  "  Edinburgh  New  Philosophical  Journal," 
as  follows : — "  After  having  obtained  in  Switzerland  the  most 
conclusive  proofis  that  at  a  foimer  period  the  glaciers  were- 
of  much  greater  extent  than  at  present,  nay,  that  they  had 
covered  the  whole  country,  and  nad  transported  the  erratic 
blocks  to  the  places  where  these  are  now  found,  it  was  my 
wish  to  examine  a  countiy  where  glaciers  are  no  longer  met 
with,  but  in  which  they  might  formerly  have  existed.  I  there^ 
fore  directed  my  attention  to  Scotland,  and  had  scarcely 
arrived  in  Glasgow  when  I  found  i-emote  traces  of  the  action* 
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of  glaciers,  and  the  nearer  I  approached  the  high  mountain- 
chains,  these  became  more  distinct,  until  at  the  foot  of  Ben 
Nevis,  and  in  the  principal  valleys,  I  discovered  the  most 
^distinct  rruyraines  and  polished  rocky  surfaces,  just  as  in  the 
valleys  of  the  Swiss  Alps  in  the  region  of  existing  glaciers ;  so 
that  the  existence  of  glaciers  in  Scotland  at  early  periods 
can  no  longer  be  doubted.  The  parallel  roads  of  Glen  Iloy  ai*e 
intimately  connected  with  the  former  occurrence  of  glaciers, 
and  have  been  caused  by  a  glacier  from  Ben  Nevis.  The 
phenomena  must  have  been  precisely  analogous  to  the  glacier- 
lakes  of  the  Tyrol,  and  to  the  event  that  took  place  in  the  valley 
of  Bagne.  It  appeared  to  me  that  you  would  be  glad  to  be  able 
to  announce,  for  the  first  time,  in  your  extensively-read  Journal, 
the  intelligence  of  the  discovery  of  so  important  a  geological  fact.*' 

Writing  to  Agassiz  from  Taymouth  Castle,  in  October  1840, 
Buckland  announced  to  him,  "Lyell  has  adopted  your  theory 
in  toto*'  On  the  20th  of  that  month  Agassiz  was  in  Edinburgh, 
viewing  the  glaciated  rocks  there  in  company  with  Charles 
Maclaren,  editor  of  the  Scotsman,  who,  in  its  columns,  was  the 
iirst  to  promulgate  his  theory  in  a  popular  form.  Maclaren 
took  Agassiz  to  a  quarry  on  the  south  side  of  Blackford  Hill, 
where  &e  surface  of  the  rocks  was  scarred  with  striae.  Agassiz 
instantly  exclaimed,  "  That  is  the  work  of  the  ice."  Two  years 
later,  Agassiz  contributed  an  important  article,  on  ''  The  Glacial 
Theory  and  its  Becent  Progress,'*  to  the  "Edinburgh  New 
Philosophical  Journal,"  accompanied  by  a  map  of  the  Glen  Boy 
region.^ 

An  eminen  English  geologist,  whose  life  was  published  last 
month,  WILLLA.M  Buckland.  D.D.,  Dean  of  Westminster  (1784- 
1856),  visited  Edinburgh  with  Agassiz  in  1840,  and  the  same 
year  read  before  the  Geological  Society  of  London  a  'paper 
on  the  *'  Proofs  of  the  former  extension  of  Glaciers  in  Scotland 
and  England,'*  in  which  he  refers  to  a  clifiT  at  Blackford  Hill  as 
a  natural  vault,  "  the  sides  and  roof  of  which  are  highly  polished 
and  covered  with  striae,  irregularly  arranged  with  respect  to  the 
whole  area,  but  parallel  over  limited  extents."  He  ako  wrote 
triumphantly  to  Agassiz,  when  the  latter  had  returned  to 
Switzerland,  "I  expect  Murchison  will  be  converted  by  the 
inspection  of  the  moraines  near  LyelFs  house.  I  have 
found  similar  polish  and  scratches  on  the  rock  of  Edinbui*gh 
Castle,  and  have  sent  an  artist  to  daguerrotype  them." 

The  Edinburgh  Geological  Society  was  founded  in  1834 
by  a  band  of  enthusiastic  Huttonians,  who  met  in  the  class- 

'  For  further  details  regarding  Louis  Agassiz,  see  paper  by  Author  in  voL  iv, 
of  the  Society's  TraiiaaClionat  page  247  ;  also  the  Obituary  Notioe,  by  Author^ 
in  vol.  ii.,  page  285. 
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Tocm  of  Alexander  Bobk,  Lectuier  on  Geology  and  Mineralogy, 
1  Dnumnond  Street,  and  ordained  that  a  portrait  of  Hatton 
shoold  be  afl^ed  to  the  Society's  diplomas.  Its  Patrons  were 
snccesdvely  Sib  Bodbbick  L  Mubchisok  (1792-1871X  ^ho 
founded  in  the  University  of  Edinburgh  a  chair  of  Geology  and 
Mineralogy,  of  which  the  successive  occupants  have  been 
l^residents  of  the  Edinburgh  Geological  Society;  and  Sir 
Charles  Lyell  (1797-1875),  who,  as  has  been  said,  so 
splendidly  established  the  principles  enunciated  by  Uutton. 
Among  the  more  eminent  deceased  Presidents  of  the  Society, 
the  name  of  Charles  Maclaben  (1782-1866)  is  a  household 
word  in  Edinburgh.  Editor  of  its  most  influential  newspaper — 
the  Scotsman — the  first  writer  to  suggest  (in  1824)  that  the 
locomotive  would  enable  the  public  to  travel  expeditiously,  and 
an  admirable  geologist^  Maclaren  occupied  a  leading  place 
in  the  Modem  Athen&  His  ''  Select  Writings,"  published  in 
1869,  evince  the  wide  scope  and  catholicity  of  his  opinions, 
whilst  his  "Geology  of  Fife  and  the  Lothians,"  published  in 
1839,  has  always  been  regarded  as  one  of  the  most  trustworthy 
treatises  ever  penned.  A  second  edition  appeared  in  1866, 
dedicated  to  the  Edinburgh  Geological  Society.  Another  of  the 
Society's  Presidents  was  David  Page  (1814H879),  a  well-known 
writer  of  educational  works  on  geology  of  great  merit,  and 
an  admirable  lecturer*  He  was  appointed,  in  1871,  Professor 
of  Geology  in  the  Durham  University  Collie  of  Physical 
Science  at  Newcastle-upon-Tyne.*  Another  President  was 
David  Milne  Hobie  (1805-1890),  a  Scottish  country  gentle- 
men with  large  estates  in  Berwickshire,  who  deyoted  a 
long  life  to  scientific  pursuits.  His  memoir  on  the  Mid- 
Lothian  and  East  Lothian  Coalfields,  which  appeared  in 
1838,'  early  established  his  reputation,  whilst  his  contributions 
regarding  British,  and  especially  Scottish,  earthquakes  in  the 
''Edinburgh 'New  Philosophical  Journal"  of  1842  onwards, 
interested  a  wide  circle  of  readers.  Milne  Home  defeated 
Charles  Darwin  over  the  Glen  Soy  problem,  as  Darwin  himself 
admitted,  although  Milne  Home's  own  theory  has  not  gained 
many  converts.  An  opponent  of  the  advocates  of  extreme 
glaciation,  Milne  Home  devoted  much  time  to  the  study  of  the 
glacial  phenomena  of  Scotland.  He  was  Convener  of  the  Boulder 
Committee  of  the  Eoyal  Society  of  Edinburgh,  and  drew  up  ten 
valuable  reports.  He  also  published  a  b^k  on  the  "  Estuary 
of  the  Forth  "  in  1871,  and  another  on  "  Ancient  Water  Lines  " 
in  1882.« 

1  For  further  details  regarding  David  Page;  see  the  Obituary  Kotioe  by  Author 
in  yol.  iii.  of  the  Society's  TranaaeHona,  page  220. 

>  For  further  details  regarding  David  Milne  Home,  see  the  Obituary  Notioe 
by  Author  iu  vol.  vi.  of  the  Society's  TransacHanSt  page  119. 
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With  regard  to  deceased  Yice-Presidents  of  the  Society,  two 
may  be  mentioned.  The  first,  Jambs  Bbtcb  (1806-1877)»  came 
from  the  North  of  Ireland  to  Gla^ow  and  afterwards  settled,  in 
Edinburgh.  He  specially  distinguished  himself  by  his  elucida- 
tion of  the  Geology  of  Arran,  Bute,  the  Cumbraes,  Skye,  and 
Kaasay.  His  valuable  paper,  ''On  the  Jurassic  rocks  of  the 
islands  of  Skye  and  Baiasay/'  was  read  before  the  Geological 
Society  of  London  in  1873,  and  it  was  well  remarked  that 
Bryce  completed,  by  means  of  palaeontology,  what  MaccuUoch 
had  only  begun.  He  was  appointed  Convener  of  the  British 
Association's  Committee  on  Earthquakes,  and  described  to  the 
Edinburgh  Geological  Society  in  1876  the  ingenious  appliances 
of  which  he  made  use  in  order  accurately  to  observe  and 
register  the  faintest  seismic  tremors.  Next  year  he  perished 
whilst  geologising  alone  among  the  precipitous  rocks  of  Inver* 
farigaig,  near  Foyers,  Inverness-shire,  and  a  memorial  erected 
by  his  brethren  of  the  hammer  now  marks  the  tragic  spot> 
Another  of  the  Society's  Vice-Presidents  was  Henry  Cadell 
(1812-1888)  of  Orange,  Linlithgowshire,  whose  prolonged  ex- 
perience in  the  art  of  mining  ripened  into  an  extensive  know^- 
ledge  of  the  geology  of  central  Scotland.  When  managing  the 
Duke  of  Buccleuch's  collieries  at  Dalkeith,  Cadell  called  Hugh 
Miller's  attention  to  the  tracks  of  reptiles  in  the  carboniferous 
strata,  and  Miller  refers  to  this  in  his  "Testimony  of  the 
Bocks."  Cadell's  discovery  of  a  Soman  tablet  on  the  sea-coast 
at  his  estate  of  Grange  caused  Lyell  to  change  the  opinion  that 
he  had  expressed  in  his  **  Antiquity  of  Man,"  that  the  coast 
of  Scotland  had  risen  since  Boman  times.  Cadell's  only  pub- 
lished paper,  "  On  the  Geological  Features  of  the  Upper  Coal 
Basin  of  the  Firth  of  Forth,"  was  read  before  the  Edinburgh 
Geological  Society  in  1870,  and  formed  a  valuable  contribution 
to  its  Transactions,^ 

An  Associate  of  our  Society,  William  Murphy  (1797-1869) 
resident  in  Edinburgh,  produced  a  "  Historical  and  Statistical 
School  Atlas,"  a  "  Classical  Historical  Atlas,"  and  a  table  show- 
ing the  "  Crust  of  the  Earth,"  prepared  under  direction  of  our 
Swiety;  whilst  our  Societjr's  well-known  Treasurer,  George 
Lyon  (  -1880),  wrote  a  "  Sketch  of  the  Geology  of  Scotland," 
which  Murphy  illustrated  with  a  map.* 

*  For  farther  details  regarding  James  Bryce,  see  the  Obitaary  Notice  by 
Author  in  toI.  iii.  of  the  Society's  TraiuaclionSf  page  142.  Dr  Bryce's  son  is  the 
Right  Hononrable  James  Bryce,  M.P.,  the  eminent  historian. 

'  F9r  farther  details  regarding  Henry  Cadell,  see  the  Obituary  Notice  by 
Author  in  vol.  v.  of  the  Society's  TrafuaeUoMt  page  502. 

^  For  Inrther  details  regarding  (George  Lyon,  see  the  Obituary  Notice  by 
Author  in  toL  iv.  of  the  Society's  Transactions,  page  1. 
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Physical  geography  and  geology  being  such  closely  allied 
sciences,  we  should  not  forget  the  name  of  a  celebrated  Scottish 
lady  who  resided  in  Edinburgh  for  some  time,  and  who  was  one 
of  the  leading  exponents  of  physical  science.  Maby  Somer- 
viLLE  (1780-1872)  was  the  daughter  of  Admiral  Sir  William 
Fairfax,  and  was  bom  at  Jedburgh.  Her  work,  "  On  the  Con- 
nexion of  the  Physical  Sciences,"  was  published  in  1834.  In 
1848  appeared  her  equally  well-known  "  Physical  Geography," 
which  opens  appropriately  with  a  chapter  on  geology,  in 
which  she  discusses  the  geological  history  of  the  earth.  It 
was  of  this  work  that  Baron  Humboldt  wrote  to  Mrs  Somerville 
in  1849,  and  said,  *'Je  ne  connais  dans  aucune  langue  un 
ouvrage  de  Geographic  physique  que  Ton  pourrait  comparer 
au  vfitre."  It  pass^  through  many  editions.  Mrs  Somerville, 
who  had  married  her  cousin,  William  Somerville,  in  1812,  was 
a  great  traveller,  and  after  witnessing  a  splendid  eruption  of 
Vesuvius  in  1872,  she  died  at  Naples,  aged  ninety-two. 

Before  closing  this  sketch  of  old  Edinburgh  Geologists, 
i-efei-ence  must  be  made  to  several  others  who  have  cast  dis- 
tinction upon  the  Scottish  metropolis.  Robert  Chambers 
(1802-1871)  began  geological  investigations  late  in  life,  having 
previously  devoted  himself  to  literary  and  antiquarian  pursuits, 
gaining  thereby  the  friendship  of  Sir  Walter  Scott.  His 
brother  William  and  he  started  and  edited  Chambers'  Journal 
from  1832  onwards.  In  1844  a  singular  book  appeared 
anonymously  in  London,  under  the  title  of  "Vestiges  of  the 
Natural  History  of  Creation,"  and  caused  a  profound  sensation. 
Its  author  discussed  the  creation  of  animated  things  from  a 
geological  point  of  view,  and  came  to  the  conclusion  that  a 
"  Principle  of  Progressive  Development "  must  be  admitted.  In 
other  words,  the  book  foreshadowed  the  riper  teachings  of 
Darwin  and  Wallace.  Great  curiosity  was  evinced  as  to  the 
authorship  of  this  work,  and  various  distinguished  persons, 
from  Prince  Albert  downwards,  were  suspected.  Even  Darwin 
himself,  then  only  twenty-eight,  was  thought  a  likely  person,  and 
laughingly  remai^ked  to  his  cousin  Fox, "  I  ought  to  be  much  flat- 
ter^ and  unflattered,"  for  he  thought  poorly  of  the  geology  and 
zoology  of  the  work,  which,  however  ran  rapidly  through 
eleven  editions.  It  was  not  till  1883,  or  thirty-nine  years  after 
its  first  publication,  that  the  secret  was  revealed  that  Robert 
Chambers,  who  had  been  dead  for  twelve  years,  was  the  author  of 
this  remarkable  book.  Living  in  severely  orthodox  times,  his 
brother  William  would  not  allow  the  secret  to  be  divulged  ;  and 
so  the  comedy  was  played  out  of  a  scientific  work  of  merit  being 
left  unfathered  because  its  author  and  his  friends  were  ashamed 
or    afraid    to    acknowledge    it     Robert    Chambers,   however. 
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buffered  in  spite  of  every  precaution,  for  he  forfeited  nomination 
to  the  position  of  Lord  Provost  of  Edinburgh  in  1848  on  account 
of  the  suspicion  having  got  abroad  that  he  had  something  to  do 
with  so  dangerously  heterodox  a  work.  Of  course,  this  occurred 
in  the  middle,  and  not  at  the  end,  of  the  nineteenth  century. 
In  1848  Chambers  published  his  "Ancient  Sea  Margins/* 
wherein  he  graphically  represents  Scotland  as  having,  in  recent 
geological  times,  been  largely  submerged  by  the  sea.  Occasion- 
ally he  pushes  his  theory  too  far,  as  when,  forgetting  the 
principles  of  river-action  as  taught  by  Playfair,  he  describes 
the  sea  rolling  grandly  up  into  the  furthest  recesses  of  the 
Highlands,  and  forming  the  terraces  of  the  Tay.  But  the  book 
is  otherwise  of  much  value  and  interest.  Chambers  made 
expeditions  to  Switzerland,  Norway,  the  Faroe  Islands,  and 
Iceland  for  the  purpose  partly  of  studying  phenomena  connected 
with  the  Glacial  theory  of  Agassiz,  and  afterwards  published 
books  entitled,  "  Tracings  of  the  North  of  Europe,"  and  "  Trac- 
ings in  Iceland  and  the  Faroe  Islands."  At  the  Liverpool 
Meeting  of  the  British  Association,  in  1854,  Chambers  i*ead  a 
paper,  "On  the  great  Terrace  of  Erosion  in  Scotland,"  and 
**  Further  Observations  on  Glacial  Phenomena  in  Scotland  and 
the  North  of  England." 

Another  eminent  man,  who,  although  he  eventually  settled 
and  died  in  Edinburgh,  could  scarcely  be  localised,  as  he  had 
geologised  in  nearly  every  comer  of  Great  Britain,  was  Charles 
WiLLUM  Peach  (1800-1886),  who  began  life  as  a  private  in  the 
Coastguard  service  at  Norfolk.  From  there  he  was  moved 
successively  to  the  coasts  of  Dorset,  Devonshire,  and  Cornwall, 
and  wherever  he  went  he  devoted  himself  to  the  study  of 
the  geology  and  natural  history  of  the  neighbourhood.  So 
great  was  his  scientific  knowledge  of  Cornwall,  that  he  acquired 
the  title  of  the  "  Cornish  Naturalist,"  and  in  1841  he  read  a 
paper  "  On  the  organic  fossils  of  Cornwall "  before  the  British 
Association  at  Plymouth.  In  1849  Peach  was  transferred,  as 
Comptroller  of  Customs,  from  the  South  to  the  North  of  Britain 
—from  Fowey  to  Peterhead,  In  1853  he  was  removed  to  Wick. 
There  he  made  the  acquaintance  of  that  remarkable  man, 
Robert  Dick,  Baker  of  Thurso,  the  Geologist  and  Botanist  whom 
Br  Smiles  has  so  worthily  celebrated.  Peach  soon  afterwards 
did  important  palseontological  work,  being  the  first  to  discover 
fossils  in  the  limestone  of  Durness  in  Sutherlandshire,  much  to  the 
satisfaction  of  Sir  Eoderick  Murchison,  who  was  thereby  enabled 
to  complete  his  arrangement  of  the  system  of  rocks  there.  At 
the  Liverpool  Meeting  of  the  British  Association,  in  1854,  Peach 
exhibited  specimens  of  Old  Bed  Sandstone  from  Caithness,  con- 
taining bitumen  and  silicified  wood.     Next  year  Murchison  and 
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Professor  James  Nicol  visited  the  N.W.  Highlands,  and  were 
accompanied  by  Peach  as  the  discoverer  of  the  key  to  the 
succession  of  the  rocks.  In  1859  the  Geological  Society  of 
London  awarded  its  WoUaston  Medal  to  Charles  Darwin,  and 
the  balance  of  funds  to  Charles  Peach  for  his  discoveries  in 
geology,  the  President  (Professor  Phillips)  acknowledging  "  the 
advantages  accruing  to  Geological  Science  from  Peach's  re- 
searches among  the  oldest  Palaeozoic  rocks,  both  at  the 
southern  and  northern  extremities  of  the  island,  he  having 
been  the  first  to  find  fossil  remains  in  the  old  altered  rocks  of 
Sutherlandshire  and  Cornwall."  Peach  left  Wick  in  1865,  and 
settled  in  Edinburgh,  where  he  received  the  Neill  prize  of  the 
Royal  Society  for  1871-74. 

Another  palaeontologist  of  celebrity,  Thomas  Davidson 
(1817-1885),  was  born  in  Edinburgh,  near  which  his  estate 
of  Muirhouse  was  situated.  He  studied  at  Paris,  and  early 
acquired  an  extensive  knowledge  of  the  geology  of  the  country 
surrounding  the  French  capital.  Then  he  entered  Edinburgh 
University,  and  soon  after,  by  the  advice  of  the  eminent  German 
geologist,  von  Buch,  he  devoted  himself  to  the  special  study  of 
the  Brachiopoda,  moUusca  which  are  foimd  from  the  Cambrian 
rocks  up  to  the  present  day.  This  became  the  business  of  his 
life.  In  1849  he  prepared  a  monograph  of  British  Fossil 
Brachiopoda  for  the  Palaeontographical  Society  of  London. 
His  magnificent  work  on  Fossil  Brachiopoda,  consisting  of  five 
quarto  volumes,  containing  2350  pages  of  letcerpress  and  238 
quarto  plates,  comprising  7910  figures,  was  completed  in  1883, 
after  a  labour  of  thirty-three  years.  Davidson  lived  latterly  in 
Brighton,  where  he  took  a  leading  part  in  every  intellectual 
movement.  In  February  1865  he  received  from  the  Geological 
Society  of  London  the  WoUaston  Gold  Medal,  and  in  December 
1870  he  was  awarded  the  Gold  Medal  of  the  Eoyal  Society  of 
London,  in  recognition  of  his  valuable  contributions  to  Palaeon- 
tology. In  1880  he  was  deputed  by  the  Councils  of  ten  of  the 
principal  Scientific  Societies  in  London,  Edinburgh,  and  Dublin 
to  represent  them  at  the  celebration  of  the  fiftieth  anniversary 
of  the  foundation  of  the  Geological  Society  of  France.  Although 
resident  in  the  South  of  England,  Davidson  was  warmly  attached 
to  his  native  land.  Writing  to  myself  in  1883,  he  said,  "I 
always  wish  to  be  considered  as  a  Scottish  geologist  and 
palaeontologist,  as  I  was  born  at  8  Heriot  Row,  Edinburgh^ 
and  all  my  relatives  are  Scotch."  In  1872,  in  a  letter  which 
I  received  from  him  when  I  was  Hon.  Secretary  of  this  Society, 
Davidson  urged  the  importance  of  the  study  of  Palaeontology, 
and  advocated  the  appointment  by  the  Society  of  a  Committee 
to  prepare  a  list  of  the  fossils  discovered  in  the  three  Lothians 
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au(l  Fife.  A  Committee  was  accordingly  appointed,  which  pre- 
pared and  submitted  to  Davidson,  in  1875,  a  catalogue  of  the 
Fossil  Brachiopoda  of  the  Lothians  and  Fife,  which  was 
published  in  vol.  iii.  of  the  Society's  Transactions,  page  68, 
with  an  Introduction  by  the  greatest  living  authority  on 
Brachiopoda,  Davidson  himself.^ 

Nor  must  we  forget  another  good  friend  of  our  Society^  Sir 
Andrew  Crombie  Ra^bisay  (1814^91),  who,  in  1872,  succeeded 
Sir  Koderick  Murchison  as  Director  General  of  the  Geological 
Survey.  His  works  on  Arran,  North  Wales,  and  the  Physical 
Geology  and  Geography  of  Great  Britain  are  celebrated;  he 
resided  some  time  in  Edinburgh ;  and  as  Director  of  the  Survey 
he  superintended  the  preparation  of  the  Survey  Maps  and 
Memoirs  descriptive  of  the  Geology  of  the  Edinburgh  district. 

Among  those  who,  in  latter  times,  have  done  most  to  extend 
our  knowledge  of  the  geology  of  Scotland,  was  James  Nicol 
(1810-1879),  who  was  bom  in  Peeblesshire,  and  studied  under 
Jameson  at  Edinburgh  University,  afterwards  proceeding  to 
the  Universities  of  Berlin  and  Bonn.  Betuming  to  Scotland, 
he  diligently  investigated  the  rocks  of  his  native  Lowlands, 
and,  by  discovering  graptolites  in  them,  was  the  first  to 
demonstrate  that  the  main  mass  was  of  Silurian  age.  After 
publishing  a  "Catechism  of  Geology,"  and  Essays  on  the 
Greology  of  Peebles  and  Eoxburgh,  written  for  the  Highland 
Society  of  Scotland,  Nicol  published,  in  1844,  his  "Guide  to 
the  Greology  of  Scotland,"  a  meritorious  work,  to  be  followed,  in 
1858,  by  &s  **  Geological  Map  of  Scotland."  His  aptitude  for 
geological  research  being  widely  known,  he  was,  in  1847, 
appointed  Assistant  Secretary  to  the  Geological  Society  of 
London,  and  edited  its  Quarterly  Journal  In  1849  he  pub- 
lished his  text-book  on  Mineralogy,  and  the  same  year  he 
was  appointed  Professor  of  Geology  in  Queen's  College,  Cork. 
Next  year  he  was  working  in  Edinburgh  at  his  old  geological 
field,  for  we  find  Murchison  writing,  in  1850,  to  Sedgwick  in 
the  following  characteristic  strain: — •'When  I  came  out  of 
the  Highlands  (after  killing  a  stag  at  Glenorchy  Forest,  Lord 
Breadalbane's),  I  wrote  to  James  Nicol.  who  was  still  at 
Edinburgh,  and  who  had  been  making  clear  sections  of  the 
Lammermuirs,  to  come  and  join  me  at  Glasgow,  to  hunt  up 
all  the  "Siluriana"  of  the  West  Coast,  which  he  had  never 
seen,  and  of  which  you  had  given  such  tempting  accounts. 
After  a  trip  on  the  Clyde  to  look  at  the  clayslates  there,  we 
journeyed  to  Girvan,  in  the  neighbourhood  of  which  we  worked 
right  hard  for  a  week.    What  with  our  own  labours  in  the 

^  For  furtlier  details  regarding  Thomas  Davidson,  see  the  Obituary  Notice  by 
Author  in  toL  v«  of  the  Society's  Tranaadiona^  page  249. 
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fieldi  and  Sandy  the  fiddler's  fossils,  I  was  enabled  to  form 
some  idea  of  top  and  bottom."  Subsequently,  in  1855, 
Murchison  started,  with  Nicol  as  his  companion,  to  investigate 
the  rocks  of  the  N.W.  Highlands.  They  differed  as  to  their 
character  and  succession,  and  whenever  Nicol  could  leave  the 
duties  of  the  chair  of  Natural  History  in  Aberdeen  University, 
to  which  he  had  been  appointed  in  1853,  he  always  returned 
to  this  geological  battle-ground  in  the  Northern  Highlands. 
At  last,  in  1859,  Murchison  and  he  met  face  to  face  in  the 
(xeological  Section  of  the  British  Association  in  Aberdeen. 
Presiding  over  the  same  section  at  the  same  place  in  1885, 
Professor  Judd  described  the  encounter  and  Nicol's  arguments, 
and  after  eulogising  ''the  grand  work  accomplished  single- 
handed  by  Nicol,"  maintained  that  he  solved  the  great  problem 
of  Highland  Geology  in  1859.  It  is  interesting  to  note  that 
Nicol's  views  were  based  on  those  of  Hay  Cunningham  and 
MaccuUoch,  those  old  pioneers  of  Scottish  Geology.^ 

The  last  geologist  to  be  mentioned  is  one  who,  springing 
from  a  humble  position,  carried  the  philosophy  of  the  science 
to  a  perfection  entitling  him  to  be  considered  a  worthy  successor 
of  those  founders  of  the  Edinburgh  School  of  Geology,  Huttou 
and  Playfair.  James  Cboll  (1821-1890)  was  born  in  Perth- 
shire, and  was  trained  as  a  wheel-wright  Owing  to  an  accident 
he  relinquished  that  employment,  and  was  appointed  janitor  in 
Anderson's  College,  Glasgow.  A  treatise  by  him  on  Theism 
had  appeared  anonymously  in  1857,  but  what  first  attracted 
public  attention  was  his  series  of  articles,  "On  the  physical 
cause  of  the  change  of  climate  during  the  glacial  epochs," 
which  appeared  in  the  Philosophical  Magazine  of  1864  onwards. 
These  investigations  culminated  in  his  great  work,  ''Climate 
and  Time,"  which  was  published  in  1875,  and  which  was  con- 
sidered by  British  and  foreign  men  of  science  to  mark  an 
epoch  in  the  history  of  geology.  It  was  hailed  as  a  work 
which,  for  philosophical  breadth  and  deductive  analysis,  had  not 
been  equalled  since  the  publication  of  Hutton's  "  Theory  "  and 
Lyeirs  "Principles.*'  His  overthrow  of  Maury's  and  Car- 
pentre's  theories  of  Ocean  circulation  was  considered  complete. 
But  it  was  the  evidence  bearing  on  former  glacial  epochs  which 
made  the  work  celebrated  in  geological  literature.  Croll 
announced,  from  astronomical  and  physical  data,  that,  by 
extreme  eccentricity  of  the  earth's  orbit,  combined  with  the 
precession  of  the  equinoxes,  cosmical  changes  of  climate  were 
occasioned  which  had  led  in  the  past  and  would  lead  in  the 
future  to  the  occurrence  of  glacial  epochs.     In  1867,  Croll  had 

1  For  further  details  regarding  James  Kicol,  see  the  Obituary  Notice  by 
Author  in  vol.  iii.  of  the  Society's  Transaetums^  page  245. 
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been  appointed  a  member  of  the  Geological  Survey  of  Scotland, 
and  in  1869  he  read  before  the  Edinburgh  Geological  Society  a 
valuable  paper,  **  On  two  Kiver-channels  buried  under  drift  be- 
longing to  a  period  when  the  land  stood  several  hundred  feet 
higher  than  at  present"  These  ancient  River-channels  cross 
Scotland  from  the  Firth  of  Clyde  above  Bowling  to  the  Firth 
of  Forth  at  Grangemouth,  much  in  the  direction  of  the  present 
Forth  and  Clyde  CanaL  In  1 885  Croll  published  his  "  Discus- 
sions on  Climate  and  Cosmology,"  and  in  1889  his  "Stellar 
Evolution,"  in  both  of  which  he  continued  the  researches 
which  have  made  his  name  famous  all  over  the  scientific  world. 
With  the  name  of  James  Ckoll,  I  shall  fittingly  close  this 
roll-call  of  old  Edinburgh  Geologists.  It  is  indeed  an  inter- 
esting portrait-gallery  through  which  I  have,  however  un- 
worthily, conducted  you.  We  saw  the  rise  of  the  Edinburgh 
School  of  Geology,  the  little  band  of  Pioneers  of  our  science 
consisting  of  Hutton,  Hall,  Black,  and  Playfaib.  We  saw 
the  torch  of  geology  held  aloft  in  this  city  for  fifty  years  by  tlie 
energetic  Professor  Jambson.  We  saw  students  pass  from  his 
class-room  and  become  eminent  geologists  at  home  and  abroad, 
such  as  Charles  Darwin,  Ami  Bou^,  President  of  the  Geo- 
logical Society  of  France,  Sib  William  Logan,  first  Director  of 
the  Geological  Survey  of  Canada.  Sir  John  Eichardson,  and 
others.  We  saw  the  geology  of  Edinburgh  explored  and  de- 
scribed by  HiBBERT,  Allan,  Fleming,  and  Hay  Cunningham. 
We  saw  religious  men  viewing  the  progress  of  science  Mdth 
needless  alarm,  and  Bobebt  Chambers  forfeiting  nomination  to 
the  position  of  Lord  Provost  of  Edinburgh  because  it  was  sus- 
pected that  he  was  the  author  of  the  *'  Vestigesof  the  Creation." 
Then  we  saw  the  Poetry  of  Science  exemplified  as  it  never  was 
before  or  since,  by  the  genius  of  Hugh  Miller.  Finally  we 
saw  the  details  of  our  science,  physical  and  palfeontological, 
worked  out  in  a  masterly  manner  by  representatives  of  the 
Fklinburgh  school,  by  officials  of  the  Geological  Survey 
resident  in  Edinburgh,  and  by  members  of  the  Edinburgh 
(iEOLOGiCAL  SOCIETY,  like  its  famous  president  Charles  Mac- 
LAREN,  Editor  of  the  Scotsman,  whose  columns  were  the  first  to 
popularise  the  glacial  theory  of  Agassiz,  who  visited  Edinburgh 
and  Maclaren  in  1840,  Dr  David  Page,  Thomas  Davidson  of 
Muirhouse,  and  David  Milne  Home.  All  this  we  have  seen, 
and  we  should  be  dull  indeed  if  we  did  not  take  pride  in  those 
old  Edinburgh  Geologists  who  founded  and  kept  alive  a  school 
of  thought  and  progress  than  which  none  has  more  glorious 
memories  or  greater  fame. 
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XIII.— A^o^es  on  the  Sutherland  Ooldfidd.  By  Edwabo 
Greenly,- F.G.S..  H.M.  Geological  Survey.  {Communi- 
cate by  permission  of  the  Diredor^Oeneral  of  the 
Geological  Survey) 
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1.  Introduction. 

Although  a  good  deal  has  been  written  concerning  the  gold  of 
Sutherland,  it  may  be  useful,  as  there  seems  to  be  a  renewal  of 
interest  in  the  subject,  to  recapitulate  the  information  actually 
obtained  up  to  the  present  time,  including  a  few  additional 
points  which  came  to  light  during  the  progress  of  the  Geological 
Survey  in  the  auriferous  area.  Verbal  information  of  any  value 
was  diflScult  to  obtain  in  the  district  itself. 

To  Dr  Joass,  of  Golspie,  I  must  express  the  greatest  obliga- 
tion. He  has  aided  me  in  every  way,  including  the  loan  of 
important  specimens,  and  furnished  the  greater  part  of  the 
subjoined  Bibliography. 

2.  Bibliography. 

The  following  papers  have  been  published  on  the  subject,  in 
chronological  order  as  nearly  as  possible : — 

1.  Notes  on  the  Sutherland  Goldfield. 

By  J.  M.  Joass,  M.D.  (with  introduction  by  Sir  R  I. 
Murchison).     Quart.  Journ.  GeoL  Socy.     1869. 

2.  Besearches  in  British  Mineralogy, 

By  David  Forbes.  F.E.S.,  &c.     PhiL  Mag.    1869.     (One 
of  a  series,  1867-9,  on  allied  subjecta) 

3.  Something  from  the  Gold  Diggings  in  Sutherland. 

By  the  Author  of  "  Frost  and  Fire."    Odds  and  Ends 
Series,  No.  22.     1869. 
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4.  The  Sutherland  Goldfields. 

Bjr  Wm.  Cameron.    Glasgow  Geol.  Socj-    1870. 

5.  On  the  Matrix  of  the  Gold  in  the  Scottish  Goldfields. 

By  James  Bryce,  M.D.,  r.G.S.   Brit  Assn.  Report.  1870. 

6.  The  Geognosy  and  Mineralogy  of  Scotland.    Sutherland. 

Part  VI.,  p.  504. 
By  M.  Forster  Heddle,  F.RS.E. 

7.  The  Geology  of  Sutherland. 

By  H.  M.  CadeU,  B.Sc.,  F.G.S.     1886  and  1896. 

I  would  draw  especial  attention  to  the  paper  by  Dr  Joass  for 
general  description,  and  to  those  by  D.  Forbes  and  Dr  Heddle 
for  chemical  analysis. 

These  are  all  the  papers  to  which  I  have  been  able  to  obtain 
references.  If  anyone  can  tell  me  of  any  others,  I  shall  be 
much  obliged,  in  order  to  make  the  Bibliography  of  this  subject 
as  complete  as  possible. 

3.  Facts  ascertained  up  to  1893. 

The  foregoing  papers  contain  good  descriptions  of  the  physical 
characters  and  general  geology  of  the  district,  particularly  the 
Old  Bed  Sandstone  and  the  Jurassic  series,  the  crystalline  schists 
being  the  rocks  of  which  least  was  known  at  the  time. 

The  localities  also  are  recorded  at  length,  and  (except  perhaps 
in  the  Berriedale  area)  it  is  clear  that  the  ground  has  been  well 
eearched  for  a  long  distance. 

Further,  I  would  draw  attention  to  the  following  points ; — 

a.  Analyses  of  the  gold  are  given  by  D.  Forbes  and  Dr  Heddle, 
from  which  it  appears  that  it  contains  usually  from  18  to  20 
per  cent,  of  silver.  A  button  obtained  from  vein-quartz  con- 
tained no  less  than  71 '43  per  cent  of  silver,  an  interesting 
point  in  connection  with  facts  which  will  be  given  below.  Its 
physical  characters,  including  the  peculiar  ''hackly"  surface, 
have  been  noted  and  described. 

p.  The  other  heavy  minerals  most  abundant  in  the  gravels, 
and  which  make  up  the  principal  part  of  the  dark  residues 
always  obtained  in  washing,  are  described  by  D.  Forbes.  They 
are  almandine  garnets  and  dark  oxides  of  Iron.  The  latter  con- 
sist of  titaniferous  magnetite  (with  8  per  cent,  of  TiO^),  and 
Black  Iron  Glance  with  Ilmenite. 

The  vein-quartz  analysed  by  Dr  Heddle  likewise  yielded 
Ilmenite,  Magnetite,  and  apparently  also  metallic  Iron. 

y.  The  gold  occurs  in  alluvia  bordering  the  rivers.  It  is 
ricnest,  of  course,  in  pot-holes  and  rock-pockets,  and  between 
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the  foliation  planes  and  in  the  joints  of  rocks  exposed  in  the 
stream-beds ;  but  occurs  also  in  the  terraces  themselves,  and  in 
coarse  as  well  as  fine  material,  from  fine  silt  to  rough  tumultuous 
gravel. 

The  lower  portions  of  these  beds  are  said  to  be  richer  than 
the  upper. 

It  is  reported  also  to  have  been  found  in  the  unstratified  drift 
of  the  moors. 

S.  It  has  not  been  found  along  streams  running  wholly  or 
chiefly  over  Jurassic  Rocks,  Old  Red  Sandstone;  or  the  Granite  of 
the  Ord. 

It  has  been  found  along  streams  running  over  all  types  of  the 
crystalline  schists ;  but  most  richly  where  they  are  full  of  granite 
veins  and  sills. 

€.    With  regard  to  its  having  been  found  in  situ — 
1.  Dr  James  Bryce  states  that  gold  was  washed  by  workmen 
from  the  powder  of  granites,  the  specimens  being  selected 
by  himself  at  SuisgUl. 
ii.  The  vein  quartz  sent  to  Dr  Heddle  for  analysis  contained 
an  "electrum-like"  alloy  (Au.  28*57,  Ag.  71-43)  in  the 
proportion  of  392  grains  per  ton. 
iii.  Gold  was  found  in  three  pebbles,  two  of  which  are  paste 
granites  (or  pegmatites  ?)  of  the  tjrpe  occurring  at  Kil- 
donan,  and  the   third  a    quartz  schist   or    quartzite^ 
apparently  of  clastic  origin, 
iv.  Dr  Joass  appears  to  have  found  gold  in  a  quartz  vein 
examined  by  Dr  Heddle  and  himself  in  Kildonan  Burn» 
for  details  of  which  see  Dr  Heddle's  paper,  p.  609. 

4f.  Facts  Ascertained  during  the  Progress  of  the 
Geological  Survey. 

The  Geological  Survey  of  the  Kildonan  area  was  made  chiefly 
during  the  years  1893  and  1894?,  and  all  the  ground  in  which 
gold  was  found  in  any  quantity  is  now  surveyed.  The  main 
valley  and  its  tributaries  from  Helmsdale  to  Torrish  Bum  were 
mapped  by  Mr  Hugh  Miller,  and  from  Duibh  near  Kildonan  to 
Kinbrace  by  myself,  there  being  a  narrow  strip  still  unsur- 
veyed  between  Duibh  and  Torrish.  Mr  Miller  has  also  sur- 
veyed the  Blackwater  area,  and  the  country  draining  to  the 
coast,  as  well  as  a  tract  about  Ousedale  in  Caithness. 

In  all  probability  the  most  useful  result  with  regard  to  future 
investigations  into  the  occurrence  of  the  gold  will  be  the  actual 
map  itself 

Tlie  alluvia  have  been  laid  down  upon  it,  the  granite  veins 
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and  sills  picked  out,  and  certain  subdivisions  established  among 
the  crystalline  schists. 

These  subdivisions  are  as  follows : — 
Quartz-schist 
Granulitic  biotite  schist. 
Flaky  or  fiaser  mica-schist. 

The  quartz-schist  is  a  hard,  flaggy,  granulitic  schist,  contain- 
ing a  good  deal  of  felspar  and  wMte  mica.  Though  probably  a 
highly  altered  sedimentary  rock,  clastic  texture  cannot  now  be 
detected  with  certainty  in  any  but  a  few  places.  Thin  seams  of 
black  minerals,  chiefly  magnetite  (idiomorphic)  and  ilmenite, 
with  probably  some  chromite,  are  not  uncommon. 

A  good  exposure  is  seen  at  Kildonan  Bridge. 

The  pure  white  quartz-schist  of  Eireannaich  differs  from  this 
Kildonan  rock  in  several  ways  (not  only  in  being  a  much  purer 
and  cleaner  rock,  but  also  in  containing  peculiar  accessory 
minerals,  particularly  idiomorphic  olive  Tourmaline)  and  it  is 
possible  that  they  are  not  merely  varieties  of  the  same  mass. 

The  Granulitic  Biotite  schist  resembles  the  quartz-schist 
structurally,  but  contains  biotite  instead  of  muscovite,  and  more 
felspar.  It  is  often  difficult  to  distinguish  between  these  two 
types.  Good  sections  are  to  be  seen  in  Suisgill  Bum  above  AUt 
na  Briste. 

The  flaky  mica  schist  (as  I  have  called  it  for  lack  of  a  better 
name)  contains  quartz,  felspar,  and  both  micas.  Garnets  ai*e 
abundant  in  some  bands,  and  the  aluminous  silicate  sillimanite 
is  very  generally  present.  The  texture  differs  from  that  of  the 
other  two,  being  much  less  regular,  the  micas  are  wavj'  and  in 
large  flakes,  and  felspar  augen  not  uncommon.  Good  sections 
are  seen  at  Suisgill  Lodge. 

These  types  pass  into  each  other,  but  are  fairly  well  marked 
out  on  the  large  scale. 

With  regard  to  the  granites,  nothing  need,  for  the  purposes  of 
this  paper,  be  added  to  the  description  given  of  them  by  Dr 
Joass. 

Basic  igneous  rocks  are  very  rare,  and  so  also  is  true  vein- 
quartz.  I  have  only  mapped  three  or  four  quartz-veins  as 
much  as  two  feet  thick.  Perhaps  it  may  be  as  well  to  remark 
here  that  the  quartz-rock  of  Eireannaich  is  not  a  vein-quartz, 
but  a  schist,  resembling  other  large  masses  throughout  the 
Highlands,  which  are  of  sedimentary  origin. 

With  regard  to  the  alluvia  and  drifts  there  is  not  very  much 
to  say.  The  sand  and  gravel  terraces  along  the  tributary  streams 
are  narrow,  being  seldom  as  much  as  150  ft.  in  width, 
though  the  deposits  are  often  pretty  thick.  Those  along  the 
main  river  reach  ^  ^f  *  mile,  in  the  reaches  which  I   sur- 
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veyed.  As  a  rule  they  are  of  finer  material  than  those  in  the 
tributaries. 

Ahnost  the  whole  surface  of  the  country  is  covered  with 
Glacial  Drift,  rock  being  seen  only  in  the  stream  courses  and 
on  the  brows  and  tops  of  the  hills.  This  drift  is  not  a  true 
"  Boulder  Clay,"  but  is  loose  and  sandy.  In  certain  portions  it 
is  stratified,  or  at  any  rate  beds  of  sand  and  tumultuous  gravel 
occur,  which,  although  they  are  more  overlain  by  unstratified 
drift,  are  not  separated  from  it  by  any  defined  surface  feature. 
These  are  150  ft.  thick  in  the  upper  watei-s  of  the  Suisgill.  They 
should  be  clearly  distinguished  from  the  terrace-gravels.  Blocks 
of  Foliated  Granite  and  of  Diorite  are  pretty  frequent  in  the 
drift,  which  must  have  come  from  the  west,  but  the  bulk  of 
the  material  is  of  local  origin.  The  white  quartz-schist  of  Eireau- 
naich  is  of  rare  occurrence,  even  close  under  the  watershe<l. 
Besides  these  general  results,  which  have  but  an  indirect  bear- 
ing on  the  question,  one  of  more  direct  interest  was  obtained. 

While  mapping  the  upper  waters  of  the  Kaldonan  Burn,  I 
found  that  the  rocks,  instead  of  being  hard  and  fresh  close  to 
the  surface,  were  decomposed  to  the  depth  of  20  or  30  ft.  to 
such  an  extent  that,  while  i*etaining  all  such  structures  as  folia- 
tion, veining,  and  the  like,  they  crumbled  into  sand  between  the 
fingers,  and  could  be  dug  with  a  trowel,  like  some  of  the  granites 
of  Cornwall :  and  it  occurred  to  me  that  by  digging  out  and 
washing  this  material  it  would  be  possible  to  deal  with  much 
larger  quantities  of  rock  than  by  examining  fresh  specimens, 
however  carefully.  And  therefore,  if  the  gold  were  dissemin- 
ated in  very  small  quantities,  there  would  be  a  far  better  chance 
of  detecting  it.  However  decomposed  the  rock  might  be,  gold, 
if  present  uncombined,  would  not  suffer,  and  would  no  more  l>e 
carried  away  in  solution  than  quartz:  and  even  if  combined, 
the  instability  of  the  compound  would,  it  seemed,  bring  about  a 
reduction  to  the  metallic  state  sooner  or  later.  So  I  dug  and 
washed  seventeen  basins  full  of  this,  carefully  avoiding  all  merely 
superficial  sand  that  was  clinging  to  the  face  of  the  clifE 

The  rock  was  a  fine  granulitic  quartz-schist,  containing  a  fair 
amount  of  felspar,  and  some  biotite,  and  so  approaching  the 
granulitic  biotite-schist  in  type. '  It  contained  a  few  pegmatitic 
veins,  but  these  were  avoided ;  and  a  fine,  sharp,  even  sand  was 
obtained,  composed  of  quartz,  with  8  to  10  per  cent,  of  felspar, 
and  some  muscovite  and  biotite. 

Unfortunately,  I  omitted  to  measure  the  cubical  capacity  of 
the  basin,  and  so  cannot  give  more  than  an  approximate  estimate 
of  the  amount  washed  :  but  from  measuring  lately  with  a  very 
similar  basin  and  very  similar  sand,  I  think  that  it  must  have 
been  about  350  lbs.     From  this  were  obtained  610  grains  of 
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dark  reaidaes,  consisting  chiefly  of  oxides  of  iron  and  zircon,  with 
a  little  rutile  and  a  deep-brown  mica  with  a  very  small  axial 
angle.  These  residues  differed  from  those  obtained  from  tlie 
annferous  gravel  chiefly  in  the  r^ular  small  size  of  the  grains, 
and  in  the  absence  of  garnet  The  oxides  of  iron  were  for  the 
most  part  magnetic*  No  visible  gold  was  to  be  found,  though 
the  residues  were  carefully  examined  with  a  lens  when  spread 
out  upon  a  plate,  both  before  and  after  removal  of  the  greater 
part  of  the  iron  oxides  with  a  magnet :  and  samples  were  also 
scrutinised  with  the  microscope. 

On  assaying,  however,  at  South  Kensington,  the  following 
result  was  obtained  : — 

Silver — 11  dwt  3  grs.  per  ton  of  residue. 
Gold — A  trace  ^,  „  (estimated  on  400  grs.) 

("  Button  too  small  to  weigh.") 

From  which  it  would  seem  that  the  gold  is  included  in  the 
iron  oxides,  perhaps  in  the  same  way  as  it  is  known  to  erist  in 
pyrites. 

Finally,  the  dark  residue  from  the  gravels  was  found  by 
microscopic  examination,  to  contain,  in  addition  to  the  minerals 
described  by  Forbes, — zircon,  epidote,  hornblende,  rutile,  and 
tourmaline. 

None  of  the  four  last  are  abundant. 

5.   DEDUCnONS, 

The  facts  now  enumerated  seem  to  me  to  confirm  the  views  of 
Dr  Joass  and  Dr  Heddle  as  to  the  local  origin  of  the  gold. 

The  rarity  of  hornblende  in  the  Kildonan  Drift,  a  mineral 
that  is  fairly  common  in  the  drift  to  the  N.W.,  when  lenticles 
are  present  in  the  gneiss  serves  to  show  that  at  any  rate  the 
finer  sandy  particles  have  not  travelled  very  far. 

Also,  the  almost  total  absence  of  blocks  of  the  white  quartz 
schist  of  Eireannaich,  coupled  with  the  rarity  of  tourmaline  in 
the  residues,  proves  that  even  if  that  rock  be  auriferous,  it  can- 
not be  the  chief  source  of  the  gold. 

Other  reasons,  such  as  the  hackly  surface  of  the  particles,  and 
their  irregular  distribution,  were  quoted  in  former  papers. 

With  regard  to  the  actual  parent  rock,  the  facts  given  in  3  (J 
make  it  clear  that  we  must  look  to  the  crystalline  schists  com- 
plex. Among  these,  vein-quartz  and  basic  rocks  appear  to  me 
to  be  too  rare  for  us  to  look  to  them  wholly,  in  spite  of  the  facts 
quoted  under  3  e.,  ii.  iv.  Admitting  that  gold  has  been  found 
in  quartz-veins  in  Kildonan,  it  does  not  follow  that  it  is  confined 
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to  them.  The  tendency  of  gold  to  segregate  along  with  quarts 
seems  sufficient  to  explain  its  presence  in  such  few  little  quarts 
veins  as  there  are  in  the  district.  And,  although  of  course  we 
must  remember  how  much  ground  is  concealed  by  drift,  I  am 
still  incUned  to  think  that  the  vein  quartz  of  the  area  is  in- 
sufficient to  account  for  the  gold  in  the  gravels. 

Personally  I  incline,  with  Dr  Joass,  to  look  to  the  granites. 
Without  laying  too  much  stress  upon  the  results  obtained  by 
Dr  Bryce  (for  details  are  not  given  in  his  paper  by  which  we 
can  feel  certain  that  all  risk  of  error  was  excluded),  the  two- 
auriferous  granite  pebbles  appear  to  me  to  be  genuine,  fnnn  their 
close  resemblance  to  local  rocks.  Now  of  granites  there  is 
abundance  in  the  district,  and,  though  the  matter  cannot  be 
considered  as  settled,  perhaps  the  following  consideration  may 
help  us. 

The  assay  shows  that,  though  disseminated  in  exceedingly 
minute  quantities,  gold  does  exist  in  the  heavy  minerals  of  the 
schists.  And  the  high  proportion  of  silver  agrees  with  the 
analyses  of  the  alluvial  gold,  and  even  more  with  that  from  the 
vein-quaitz  analysed  by  Dr  Heddle. 

But  as  the  gold  in  the  schists  has  not  been  found  in  visible 
particles,  it  is  probable  that  the  visible  particles  in  the  gravels- 
must  be  aggregations  from  finely  disseminated  matter. 

That  there  has  been  a  great  deal  of  migration  of  material  in 
the  schists  during  the  process  of  metamorphism  is  certain,  from 
the  garnets  and  sillimanites  they  contain.  That  there  must 
have  been  also  migration  of  material  in  connection  with  the 
formation  of  the  granites  seems  to  me  also  certain :  and  I 
would  call  attention  to  the  views  of  Mr  Miller  concerning 
the  granites  in  his  area,  a  very  brief  account  of  which  can  be 
found  in  the  Annual  Report  of  the  Geological  Survey  for  1893. 

Now,  as  gold  certainly  has  a  tendency  to  travel  along  with 
highly  acid  material,  it  seems  to  me  quite  reasonable  to  suppose 
that  rocks  containing  gold,  when  permeated  by  a  magma  as  acid 
as  a  granite,  and  by  the  superheated  waters  accompanying  this,, 
should  readily  yield  up  its  gold,  and  that  that  gold  should  find  a 
final  lodgment  in  the  veins  and  sills  in  which  the  granite 
eventually  consolidates. 

This  is  of  course  mere  speculation;  and  our  experimental 
knowledge  of  the  salts  of  gold  can  tell  us  very  little  indeed 
concerning  their  behaviour  under  such  conditions  as  these. 

How  the  gold  was  introduced  into  the  schists,  it  is,  of  course, 
quite  impossible  to  say.  The  origin  of  the  schists  themselves 
is  involved  in  sufficient  mystery  at  present. 

If,  however,  they  are  metamorphosed  sediments,  as  seems 
probable,  I  would  call  attention  to  the  occurrence  of  gold  in  the 
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matrix  of  the  somewhat  altered  conglomerate  at  Johannesburg  (a 
slice  of  which,  by  the  kindness  of  a  friend,  I  am  able  to  exhibit), 
and  also  to  the  fact  that  iron  sulphides  abound  in  this  conglom- 
erate, and  that  it  was  from  iron  oxides  in  the  schists  of  Eildonan 
that  gold  was  obtained. 

6.  Suggestions  vok  Fixture  Investigation. 

With  regard  to  future  investigation,  I  would  point  out  that 
the  method  of  digging  and  washing  decomposed  rock  has  been 
tried  in  one  instance  only ;  and  that  it  may  yet  conclusively 
solve  the  question  of  origin,  and  at  the  same  time  decide 
whether  the  gold  can  ever  be  profitably  worked  in  the  rocks 
as  well  as  the  alluvia. 

These  aUuvia  are  not  very  extensive ;  they  must  sooner  or 
later  be  exhausted ;  and  I  agree  with  Mr  Cadell  and  Mr  Miller 
in  thinking  that  the  uustratified  drift  is  unlikely  to  be  profitable. 

I  should  suggest  that  decomposed  portions  of  the  flaky 
schist,  of  the  granulitic  biotite  schist,  and  especially  of  the 
granites,  all  of  which  are  well  exposed  in  Suisgill  Burn,  should 
be  examined  in  this  way. 

The  residue  should  not  be  rejected  even  if  gold  is  not  visible, 
but  I  quite  expect  the  granites  will  yield  visible  particles.  It 
does  not  follow,  however,  that  any  of  them  are  likely  to  be 
very  rich,  for  the  alluvial  deposits  have  been  concentrated  from 
a  wide  area. 

Finally,  I  would  remark  that  in  these  matters  residents,  who 
can  go  over  the  ground  at  leisure,  are  much  more  likely  (par* 
ticularly  if  they  have  the  survey  map  in  their  hands)  to  be 
successftil  than  the  Greological  Surveyors,  who  have  plenty  to 
occupy  their  time  and  thoughts  in  the  construction  of  the  map 
and  the  general  geology. 

To  residents,  then,  I  would  commend  the  further  investigation 
of  this  question. 

And  in  the  event  of  disappointment  from  an  economic  point 
of  view,  I  would  point  out  that  an  unexpected  scientific  reward 
may  await  success.  For  there  can  be  little  doubt  but  that  the 
history  of  the  gold  is  bound  up  with  the  general  history  of  the 
crystalline  rocks  of  the  district. 

And  while,  for  lack  of  precise  knowledge  of  the  chemistry  of 
the  compounds  of  silicon,  we  lose  our  way  among  a  chaos  of 
changing  and  complicated  silicates,  it  might  prove  possible  to 
track  such  a  mineral  as  gold,  retaining  its  individusility  through 
stage  after  stage  in  the  career  of  mineral  change,  and  so  supply 
a  clue  to  some  of  the  processes  of  metamorphism,  intrusion, 
segregation,  and  foliation,  which  have  combined  to  build  upja 
gneissose  complex  such  as  that  of  eastern  Sutherland. 
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XIV.— On  the  Orientation  of  Boulders.    By  Dugald  Bell, 

F.G.S. 

(Read  21st  March  1895.) 

It  is  a  common  observation  with  regard  to  the  scattered  boulders 
and  perched  blocks,  which  are  perhaps  the  most  striking  relics  of 
a  past  ice-age  in  our  country,  that  there  is  a  general  correspond- 
ence between  the  position  of  their  longer  axis  and  the  direction 
in  which  they  have  been  transported.  Wlien  examined,  it  is 
usually  found  also  that  the  striations  upon  them  run  length- 
ways, and  correspond  in  direction  with  those  on  the  solid  rock 
beneath.  From  the  Eeports,  for  England,  of  the  Boulder  Com- 
mittee of  the  British  Association,  and  for  Scotland,  of  the 
Boulder  Committee  of  the  Eoyal  Society  of  Edinburgh,  as  well 
as  from  innumerable  papers  by  private  observers,  an  immense 
number  of  instances  might  be  cited  to  show  that  the  coinci- 
dence of  the  longer  axis  with  the  direction  of  movement  is  a 
very  general  characteristic  of  these  masses.  Frequently,  also, 
it  has  been  observed  the  sharper  or  lighter  end  of  the  boulder 
points  in  the  direction  towards  which  it  was  being  moved,  and 
the  broader  or  heavier  end  in  that  from  which  it  had  come, 
showing  that  it  was  being  carried  or  pushed  forward  in  the 
position  of  least  resistance. 

These  facts  are  generally  known  and  accepted,  and  the  con- 
clusion drawn  from  them  in  favour  of  the  boulders  having  been 
transported  by  land  ice,  and  not  by  floating  ice  in  any  form, 
may  also  now  be  taken  as  one  of  the  commonplaces  of  glacial 
geology. 

But  there  is  one  point  obviously  bearing  on  this  conclusion 
which  seems  not  to  have  received  the  attention  it  is  entitled  to, 
— we  mean  the  position  occupied  by  boulders  on  the  surface  of 
existing  ice-sheets.  There  can  be  little  doubt,  from  the  different 
levels  and  kinds  of  resting-places  in  which  boulders  are  found, 
as  well  as  from  the  different  forms  of  the  boulders  themselves, 
that  many  of  them  were  transported  on  tlie  surface,  while 
others  were  pressed  forward  beneath  the  bottom  of  the  ice. 
Now,  among  all  the  observations  which  we  have  read  regarding 
glaciers,  we  cannot  say  that  we  remember  an  instance  in  which 
it  was  stated  that  the  boulders  strewn  on  the  surface  of  the 
ice  present  any  general  uniformity  of  position.     Yet  from  the 
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uumeioas  observations,  to  which  we  have  referred,  of  the  posi* 
tions  of  these  old '"erratics,"  this  might  clearly  be  expected.^ 

Of  course  all  writers  on  glaciers  take  notice  of  the  fact  that 
the  trains  of  rocky  debris  which  these  ice-streams  carry  along 
have  always  a  direction  parallel  to  the  sides,  but  it  seems  not  to 
have  occurred  to  any  to  observe  whether  the  particular  stones 
in  these  trains  have,  or  have  not,  on  the  whole,  a  corresponding 
direction.  When  we  consider  the  matter,  however,  it  seems  in 
every  way  more  probable  that  they  should  have  such  a  direction 
than  that  they  should  have  any  other. 

A  few  years  ago  we  took  an  opportunity  of  submitting  the 
question  to  an  eminent  Alpinist,  whether  he  had  observed  any 
such  uniformity  of  direction  among  the  boulders  of  the  Swiss 
glaciers,  with  which  he  was  so  well  acquainted.  The  reply  was 
that  he  had  not  observed  it ;  but  his  attention  had  not  been 
specially  directed  to  the  point,  and  he  was  unable  to  say  with 
any  certainty  whether  it  was  really  the  case  or  not 

From  our  own  brief  visits  to  Switzerland  in  recent  years,  we 
have  a  distinct  impression  (not  to  put  it  more  strongly)  that 
such  a  longitudinal  direction  in  the  boulders  on  the  surface  of 
the  glaciers  is  very  general,  though  not  invariable.  It  is  not 
invariable,  because  of  the  accidental  changes  of  position  to 
which,  especially  on  small  and  much-crevassed  glaciers,  the 
boulders  are  liable.  On  the  larger  glaciers,  as  the  Rhone, 
Aletsch,  Unter-Aar,  and  Gomer  glaciers,  we  believe  the  great 
majority  of  the  boulders,  especially  those  of  any  magnitude, 
exhibited  the  longitudinal  direction  referred  to.  On  the  Corner 
glacier  especially  we  observed  several  distinct  trains  of  boulders, 
five  or  six  in  number,  placed  in  a  line,  all  similar  in  position, 
very  like  a  little  flock  following  a  track  on  the  mountain  side. 
Also  on  the  moraines  we  noticed  that,  while  the  smaller  stones 
appeared  to  be  heaped  together  without  any  order,  yet,  looked 
at  more  carefully,  and  especially  with  regard  to  the  larger  blocks 
amongst  them,  a  very  general  uniformity  became  apparent.  It 
seemed  as  if,  while  the  smaller  stones,  by  being  moved  together 
or  against  each  other,  were  thrown  into  various  positions,  the 
larger  masses,  having  a  deeper  or  firmer  hold  upon  the  ice,  and 

1  In  Chftrpen tier's  classical,  **  Essai  sur  les  Glaciers,"  a  quotation  is  given  from 
a  letter  by  M.  Biselx,  cur^  at  Orsi^res,  who  was  president  of  the  Helvetic 
Society  of  Naturalists  in  1829.  Referrinff  to  a  huge  block  of  granite  which 
rests  iierched  on  a  very  narrow  ledge  of  rock  about  1500  feet  above  the  bottom 
of  the  valley  near  Orsieres,  and  to  the  evidence  which  it  presents  of  having  been 
deposited  tnere  very  gently,  otheiwise  it  could  not  have  remained  in  such  a 
position,  he  says : — 

*'  On  aurait  dii  ^tudier  mieux  qu'cn  ne  Pa  fait  I'assise  des  blocs  erratiques 
compart  k  celle  des  blocs  qui  entourent  les  glaciers  de  notre  ^pooue.  Ce  serait 
un  travail  qui  jetterait  beauooup  de  lumi&re  sur  ce  point."    (P.  149.) 
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influenced  only  by  its  movement,  maintained  a  greater  uni- 
formity of  direction. 

When  we  remember  how  common  a  characteristic  these  longi- 
tudinal striations  are  of  the  stones  in  the  boulder  clay,  even  of 
the  smallest  of  tJiera,  we  can  have  little  doubt  that  all  the  rocky 
fragments  being  carried  forward  by  a  glacier — whether  on  the 
surface  or  imbedded  in  the  ice,  or  beneath  it — have,  as  a  rule,  a 
certain  uniformity  of  direction  imparted  to  them  by  the  motion 
of  the  ice.  Many  of  the  smaller  fragments,  indeed,  are  believed 
to  have  received  their  markings  ^'within  the  matrix"  by  the 
motion  of  the  ice  itself  charged  with  fine  sandy  particles,  and 
not  by  any  direct  contact  with  each  other  or  with  the  rock 
beneath.^ 

A  remark  by  Mr  F.  W.  Hutton  of  Christchurch,  New  Zealand, 
regarding  the  Mueller  Glacier,  New  Zealand,  may  here  be  quoted. 
*'  The  ice,"  he  wrote, "  contains  in  places  numerous  angular  stones, 
principally  of  slate,  scattered  irregularly  through  it,  and  these 
fragments  always  have  their  broad  or  cleaved  surfaces  parallel 
to  the  smaller  system  of  veins,"  [which,  as  explained,  "  run  nearly 
in  the  direction  of  the  glacier."]  "  These  stones  have  no  doubt 
entered  the  ice  through  the  numerous  moulins  and  crevasses 
which  are  found  higher  up  the  glacier,  but  as  they  are  not  found 
in  bands  nor  in  pipes,  they  must  have  been  moved  in  position 
by  the  ice."  ^ 

Further  observations  of  this  kind  are  much  to  be  desired. 

The  point  is  a  minor  one,  yet  appears  to  be  of  some  interest, 
and  perhaps  others,  as  they  have  opportunities  of  observing  the 
facts,  may  think  it  not  unworthy  of  attention. 

1  Hugh  MiUer,  F.G.S.,   *-0n  Boulder-Glaoiation."    Proc.  Roy.  Phys.  Soc. 
Edin.  Vol.  VIII.     1884.    (P.  177.) 

8  Nalure,  24th  May  1888. 
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XV. — Note  on  the  occurrence  of  Alethopteris  lonchitica  in  tlie 
Carbaniferoiis  beds  of  Loch  Ryan.  By  J.  HoRNE,  H.M. 
Geological  Survey  of  Scotland. 

(Read  18th  April  1895.) 

Along  the  western  shore  of  Loch  Eyan  a  narrow  strip  of  Car- 
boniferous rocks  is  represented  on  the  published  geological  map 
of  that  r^ion.  It  is  traceable  for  five  or  six  miles,  and  it  is 
only  a  few  hundred  yards  wide.  It  rests  unconformably  on  the 
Silurian  rocks,  and  is  overlain  in  turn  unconformably  by  a 
coarse  dark  red  breccia,  referred  to  the  Permian  formation.  Few 
exposures  of  the  Carboniferous  rocks  are  to  be  seen,  the  surface 
being  mostly  covered  with  drift  The  strata  consist  of  gray, 
reddish,  and  mottled  sandstones  and  purplish  clays  which  have 
yielded  a  few  fossils,  consisting,  with  one  exception,  of  plant 
remains  in  a  poor  state  of  preservation.  The  exception  referred 
to  appears  to  be  the  remains  of  an  encrinital  stem. 

The  following  list  of  fossils,  determined  by  Mr  R  Etheridge, 
junior,  is  given  in  the  explanation  descriptive  of  the  geology  of 
the  one  inch  map : — 

Alethopteris  lonchitica — Stemb. 

Asterophyllites  (like  duhia — Brong). 

Poacites  (b'near  like  plant). 

Calamitee  dvbius — Brong. 

Stigmaiia  Qike  Jicoidea — Brong,  with  rootlets  attached). 

The  last  specimen  is  too  indefinite  for  a  decided  opinion  to 
be  passed  on  it.  From  the  presence  of  these  organic  remains, 
the  strata  containing  them  were  provisionally  referred  to  the 
Calciferous  Sandstone  series. 

Recently,  however,  a  contribution  of  the  highest  value  has 
been  made  to  our  knowledge  of  the  vertical  distribution  of 
fossil  plants  in  the  British  Carboniferous  rocks.  In  his  address 
to  the  Eoyal  Physical  Society,  "  On  the  various  divisions  of 
British  Carboniferous  rocks  as  determined  by  their  fossil  flora," 
Mr  Kidston  has  demonstrated  the  high  pala^ontological  value 
of  fossil  plants  in  correlating  and  dividing  the  Carboniferous 
rocks.  He  has  shown  that  much  has  been  done  on  the  Continent 
by  palaeobotanists  in  the  zonal  classification  of  Carboniferous 
rocks  by  the  aid  of  fossil  plants.  His  own  contribution,  based 
on  an  intimate  knowledge  of  the  fossil  flora  of  the  Carboniferous 
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systems  of  England  and  Scotland,  throws  a  flood  of  light  on  the 
classification  of  these  rocks. 

He  divides  the  system  into  two  great  divisions,  the  Upper 
and  Lower  Carboniferous,  as  shown  in  the  following  table : — 


C  Upper  Coal-measures. 


Upper       J  Middle  Coal-measures. 
Carboniferous  ^  Lower  Coal-measures. 
\  Millstone  Grit  series. 

f  Carboniferous  Limestone  series  of  Scotland = 
Lower        j     Yoredale  rocks  of  England. 
Carboniferous   f  Calciferous    Sandstone  series   of   Scotland = 
(     Mountain  Limestone  of  England. 

From  an  examination  of  the  plant  remains  he  proceeds  to  state 
that  he  does  not  know  a  single  species  of  plant  found  in  the 
Lower  Carboniferous  division  that  occurs  in  the  Upper  Carboni- 
ferous. So  far  as  he  has  been  able  to  ascertain,  *'  there  is  not 
in  Britain  one  species  common  to  both  of  these  great  divisions. 
Eetween  the  top  of  the  Carboniferous  Limestone  series  and  the 
base  of  the  Millstone  Grit  an  enormous  period  of  time  is  un- 
represented by  any  rock  in  Britain — a  period  so  great  that 
during  its  existence  a  complete  change  took  place  in  the  flora." 
In  his  valuable  address  Mr  Kidston  has  prepared  a  table 
showing  the  vertical  distribution  of  Carboniferous  plants  in 
Britain.  One  of  the  forms  included  in  the  small  list  from  the 
Carboniferous  beds  of  Loch  Eyan,  viz.,  Alethopteris  lonchitica  is 
restricted  by  Mr  Kidston  to  the  Upper  Carboniferous  division. 
It  ranges  from  the  top  of  the  Coal-measures  to  the  Millstone 
Grit,  and  has  never  been  found  below  that  horizon.  If  Mr 
Etheridge's  determination  is  correct,  then  it  would  follow  that 
the  beds  containing  this  fossil  plant  are  at  least  as  high  in  the 
succession  as  the  Millstone  Grit,  and  that  the  representatives 
of  the  Carboniferous  Limestone  series  with  the  Lower  Coals 
might  be  looked  for  in  the  Loch  Byan  basin. 


Digitized  by  VjOOQIC 


NOTE  ON   A  BAND   OF  FOSSILIFEBOUS  IB0N8T0NE.        .113 


XVI. — '*  Note  on  a  Band  of  FossUiferous  Ironstone  in  the 
Cambrian  Rocks  of  West  Ross-shire"  By  J.  HoBNK,  Geo- 
logical Survey  of  Scotland. 

(Gommtinicated  by  permission  of  the  Director-General.) 
(Bead  18th  April  1895.) 

The  discovery  of  the  Olenellus  zone  in  the  Cambrian  rocks  of 
the  Korth-West  Highlands  has  famished  a  definite  geological 
horizon  from  which  to  work  out  the  succession  of  the  strata 
above  and  below.  The  trilobites,  recently  described  by  my 
colleague,  Mr  Peach,  F.B.S.  (Q.  J.  Geol.  Soc.,  vol.  L,  p.  661), 
plainly  show  that  valuable  additions  could  be  made  to  our 
knowledge  of  the  fauna  of  Lower  Cambrian  time  in  the  North- 
West  of  Scotland,  if  favourable  sections  could  be  obtained  for 
the  exploration  of  this  zone.  Unfortunately,  from  the  litho- 
logical  character  of  the  Fucoid  shales,  they  frequently  weather 
with  a  soft  grassy  feature.  Hence  for  miles  along  the  line  of 
outcrop  the  fossiliferous  bands  of  the  Olenellus  zone  are  con- 
cealed from  view,  save  where  a  stream  has  cut  a  transverse 
section  across  the  series.  This  feature  is  specially  noticeable  in 
the  area  lying  to  the  west  of  the  great  terrestrial  displacements 
in  Sutherland  and  Boss.  As  it  is  only  in  the  undisturbed 
region  that  any  hope  can  be  entertained  of  finding  well  pre- 
served fossils,  this  phenomenon  is  a  source  of  disappointment  to 
those  interested  in  the  life-history  of  the  older  Palaeozoic  rocks 
of  the  North- West  Highlands. 

When  searching  the  Fucoid  shales  on  the  slope  of  Meall 
Ghiubhais  near  Loch  Maree,  in  1893,  Mr  Macconochie  observed 
a  thin  band  of  pisolitic  ironstone  about  two  inches  thick.  It 
there  rests  on  the  layer  containing  the  splendidly  preserved 
specimens  of  Olenellus^  and  is  overlain  by  shales  containing 
fragments  and  some  complete  specimens  of  trilobites.  This  thin 
seam  of  ironstone  contained  organisms  like  brachiopods,  though 
at  the  time  undeterminable.  He  further  noted  it  in  the  disturbed 
area  in  Glen  Cruchallie  (Glen  Logan),  near  Kinlochewe,  where 
it  is  to  be  found  near  the  top  of  the  Fucoid  beds,  close  to  the 
outcrop  of  the  Glen  Logan  Thrust  plane. 

In  the  course  of  my  field  work  in  the  Achnashellach  deer 
forest  during  1894,  evidence  was  obtained  of  the  presence  of  this 
band  of  ironstone  in  the  AUt  nan  Dearcaig,  one  of  the  sources 
of  the  Coulin  river,  at  a  point  about  two  miles  north  of  Achna- 
shellach station.  Here  it  is  met  with  in  the  region  affected  by 
the  dynamic  movements.      The  lofty  mountains  lying  to  the 
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west  fiirnish  admirable  examples  of  the  repetition  of  the  Tor- 
ridon  Sandstone  and  Cambrian  rocks,  partly  by  great  reversed 
faults  and  a  complicated  system  of  folding.  The  extraordinary 
alternation  of  great  slices  of  Torridon  Sandstone  and  Cambrian 
rocks  in  that  region  was  referred  to  and  figured  long  ago  by  Sir 
A.  Geikie  in  the  conjoint  memoir  with  Sir  R  I.  Murchison  on 
the  North- West  Highlands.  The  recent  detailed  mapping  of 
the  area  proves  that  the  complicated  structure  can  be  unravelled 
with  marvellous  accuracy  by  means  of  the  zonal  method. 

In  AUt  nan  Dearcaig  there  is  an  excellent  section  of  the 
Fucoid  shales,  as  the  burn  flows  for  part  of  its  course  along 
the  strike  of  the  beds.  Unfortimately  the  shales  are  much 
cleaved,  and  though  from  the  nature  of  the  bands  one  can  recog- 
nise the  Olmellus  zone  in  its  proper  position  underneath  the 
Serpulite  (Salterella)  Grit,  still  it  is  almost  hopeless  to  expect  to 
find  recognisable  fragments  of  trilobites.  On  the  hill  slope  on 
the  east  side  of  the  stream  the  outcrop  of  the  Coulin  Thrust 
can  be  followed,  bringing  forward  a  slice  of  Lewisian  gneiss 
and  deformed  Torridon  Sandstone.  Though  the  Fucoid  shales 
are  highly  cleaved,  the  band  of  ironstone  forms  a  conspicuous 
feature  at  one  point  in  the  bed  of  the  stream,  reaching  a  thick- 
ness from  18  inches  to  2  feet.  The  cleavage  has  not  affected  the 
band  of  ironstone.  It  is  abundantly  charged  with  one  or  more 
organisms,  conspicuous  on  the  weathered  surface  of  the  rock. 
From  a  microscopic  section  examined  by  my  colleague,  Mr  Teall, 
it  appears  that  the  organic  remains  show  structures  resembling 
those  of  echinoderms — a  view  which  is  shared  by  Dr  Hinde  and 
Mr  K  T.  Newton.  These  fragments  have  their  original  calcite 
replaced  by  ferric  oxide,  in  the  same  way  as  specimens  of  Car- 
boniferous Limestone  from  South  Wales.  The  matrix  of  the 
Achnashellach  ironstone  and  of  the  South  Wales  specimen 
referred  to  is  calcite. 

In  a  valuable  paper  by  Mr  C.  D.  Walcott  on  "  Lower  Cam- 
brian Eocks  in  Eastern  California,"  published  in  the  American 
Journal  of  Science,  February  1895,  he  makes  the  following  re- 
ference to  the  fossils  found  in  the  limestone  series : — "  In  places 
the  lower  portion  of  the  upper  limestone  is  almost  a  solid  bed  of 
ArchceocyathiTice.  Ethmophyllum  Whitnei%  Meek,  is  very  abun- 
dant, and  the  genera  Frotopharetra,  Cosdnocyatkus  and  ArchcBocy- 
athvs  occur.  Ethmophyllum  ranges  throughout  the  limestone 
series  into  the  base  of  the  shales  in  Tollgate  Canyon  where  it  is 
associated  with  Cystidean  plates  and  fragments  of  Olenellus." 

It  is  not  improbable  that  some  of  the  organic  remains  in  the 
Achnashellach  ironstone  may  be  Cystideans.  Mr  Peach,  how- 
ever, is  of  opinion  that  a  Lower  Cambrian  brachiopod  also 
occurs  in  the  rock. 
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XVII. — On  an  lona  Erratic  containing   Withamite.     By 
James  Currie,  jun.,  M.A. 

(lUad  2iid  Hay  1895.) 

Not  many  of  the  tourists  who  every  year  in  increasing  numbers 
pour  into  the  sacred  island  of  lona  have  time  or  indeed  inclina- 
tion for  more  than  a  hurried  visit  to  the  Cathedral  and  the 
ecclesiastical  buildings  grouped  around  it.  Very  few  find  their 
way  to  the  ruddy  headlands  that  front  the  Atlantic  and  to  the 
lonely  bays  sheltering  between  them. 

One  of  the  largest  of  these,  in  the  extreme  south  of  the  island, 
bears  the  name  of  Port  na  Churaich — the  port  of  the  coracle — 
because  here,  thirteen  centuries  ago,  Columba's  wandering 
vessel  found  at  length  a  haven.  The  bay  is  the  submerged 
portion  of  a  small  valley,  bounded  on  both  sides  at  the  north 
end  by  heathery  knolls  and  then  by  steep  though  not  lofty 
cliffs,  its  sandy  grass-covered  floor  sloping  gently  to  the  sea 
It  has  been  formed  by  the  gradual  removal  of  one  of  the  softer 
beds  which  are  intercalated  with  the  gneiss.  Probably  the 
eroded  stratum  was  a  serpentine-bearing  marble,  for  the  little 
bay  has  been  the  principal  locality  for  those  rolled  fragments  of 
pale  green  precious  serpentine  which  are  known  as  ^*  lona 
pebblea" 

In  the  course  of  my  visits  to  lona  I  have  frequently  found 
myself  at  this  little  bay,  which  has  a  peculiar  charm  of  its  own 
that  attracts  one  more  and  more  strongly  with  each  repeated 
visit.  It  is  most  pleasant  on  a  warm  summer  day  to  sit  upon 
the  close  elastic  turf,  sheltered  from  the  wind,  and  with  no 
sound  to  break  the  stillness  but  the  ripple  of  the  tide  among 
the  skerries,  and  the  browsing  of  the  black  and  dun-coloured 
Highland  cattle.  The  lazy  Atlantic  swell  rolls  into  the  harbour, 
but  so  broken  by  the  sheltering  islands  that  it  scarcely  more 
than  stirs  the  long  brown  fronds  of  the  laminaria,  flashing  as 
the  sunlight  catches  their  broad  and  shining  surfaces.  Very 
rarely  the  black  head  of  a  seal  may  appear  above  the  placid 
water,  to  vanish  as  suddenly  and  noiselessly ;  or  now  and  then 
the  shadow  of  a  seagull  may  float  past ;  or  an  unguarded  move- 
ment scare  the  rabbits  to  their  burrows.  Nothing  else  is  likely 
to  disturb  the  solitude. 

On  my  last  visit  to  this  spot,  in  September  1894, 1  occupied 
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a  few  minutes  in  cursorily  examining  the  larger  pebbles  which 
form  in  one  part  a  broad  belt  between  the  sward  and  the  beach 
proper.  As  was  to  be  expected,  I  found  the  stones  to  consist 
for  the  most  part  of  rolled  fragments  of  the  gneiss  of  the  island 
in  its  various  varieties,  frequently,  like  much  of  the  rock  at  this 
southern  end,  highly  epidosy  tic.  Less  common,  but  still  in  con- 
siderable numbers,  are  pebbles  of  the  white  serpentine-bearing 
marble  that  is  interbedded  with  the  gneiss,  and  of  the  red 
granite  of  the  Ross  of  Mull,  Besides  these  however  there  is  a 
certain  small  proportion  of  the  stones  clearly  exotic,  and  derived 
from  rocks  found  in  place  neither  in  the  island  itself  nor  on  the 
land  immediately  adjacent.  Among  them  was  one  that  is  inter- 
esting both  as  containing  the  rare  mineral  Withamite,  and  also 
because  for  this  reason  it  is  possible  to  indicate  with  precision 
the  spot  from  which  it  has  been  derived.  The  specimen  was  a 
flat  oval  stone,  entirely  water  worn,  about  5  inches  in  length  by 
3J  in  breadth,  and  the  Withamite  is  distributed  through  it  in 
considerable  quantity. 

The  mineral  Withamite  occurs  in  an  igneous  rock,  some  seven 
miles  up  Glen  Coe.  It  was  discovered  there  by  Mr  Henry 
Witham  in  1824,  and  was  described  by  Sir  David  Brewster  in 
the  following  year.  Haidinger  considered  it  to  be  a  variety  of 
Epidote,  and  it  has  since  then  been  classed  with  that  species, 
though  it  presents  some  unusual  characteristics.  The  most 
important  of  these  is  its  very  marked  dichroism,  the  crystals 
being  red  in  one  direction  and  yellow  in  another.  Dr  Heddle 
has  shown  that  its  composition  also  is  not  quite  that  of  a  normal 
Epidote,  there  being  an  excess  of  silica.  In  crystallographic 
form  it  agrees  with  Epidote,  but  it  is  probably  better  entitled  to 
specific  rank  than  many  minerals  whose  claims  are  admitted  by 
the  text-books  without  question.  At  a  time,  however,  when 
there  is  a  tendency  to  multiply  inordinately  the  number  of 
mineral  species,  which  are  often  founded  on  very  trivial  charac- 
teristics and  after  very  imperfect  examination,  it  is  perhaps 
better  to  acquiesce  in  the  long-established  position  of  Withamite, 
and  to  regard  it  simply  as  a  very  distinct  and  well-marked  sub- 
species of  Epidote. 

Since  Mr  Witham's  discovery  the  mineral  has  never,  so  far  as 
I  am  aware,  been  observed  anywhere  else,  and  I  should  have 
liked  to  add  a  new  locality.  But  the  specimen  is  so  absolutely 
identical  with  those  from  Glen  Coe,  both  as  to  the  mineral  itself 
and  the  rock  containing  it,  that  I  fear  it  is  quite  impossible  to 
regard  it  as  anything  but  an  erratic  from  that  placa 

I  may  mention  here  that  I  have  found  in  lona,  but  very 
rarely — so  far  only  three  small  specimens — another  rose-coloured 
mineral  doubtless  of  the  nature  of  Epidote,  and  which  may  be 
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Thulite.  But  in  this  case  the  matrix  is  the  ordinary  gneiss  of 
the  island,  and  the  pink  mineral  appears  simply  to  take  the 
place  of  the  usual  green  Epidote  of  the  locality. 

Assuming  then  that  our  pebble  is  from  Glen  Coe,  the  parent 
vein  is  about  sixty  miles  distant  from  lona  in  a  straight  line 
EN.E.,  and  I  presume  there  is  no  doubt  that  we  must  look  to 
ice  as  the  transporting  medium.  It  would  be  interesting  to  dis- 
cover whether  among  the  boulders  of  lona  there  are  others  to 
indicate  the  course  taken  by  the  iccKbut  in  the  short  time  I  had 
I  did  not  observe  any  that  could  throw  light  upon  that  aspect 
of  the  question.  There  were  several  blocks  of  disintegrated 
dolerite  ;  but  as  even  to-day  this  rock  covers  so  large  an  area  of 
Mull,  these  do  not  give  us  much  information. 

We  seem,  however,  so  far  as  Mull  is  concerned,  to  be  shut  up 
to  a  course  between  Ben  Talla  on  the  one  hand  and  Ben  Buy 
on  the  other ;  if,  that  is  to  say,  the  block  was  really  transported 
during  one  of  the  periods  of  maximum  glaciation.  For  it  is  not 
easy  to  see  why  the  ice  on  any  other  route  should  have  bent 
round  so  as  to  reach  lona  at  all.  Upon  this  hypothesis  the 
course  must  have  been  somewhat  as  follows : — 

The  Glen  Coe  glacier,  after  joining  with  that  from  the  upper 
waters  of  Loch  Leven,  would  unite  at  Corran  with  the  large 
mass  coming  southward  down  Loch  Linnhe  from  Glen  Nevis  and 
the  Great  Glen,  and  would  strike  upon  the  coast  of  Mull  about 
Duart  Bay.  At  this  point  it  would  be  hemmed  in  on  almost 
all  sides  and  would  also  feel  the  pressure  of  the  ice  from 
Glen  Etive,  which  would  hinder  its  free  passage  into  the  Firth 
of  Lorn ;  and  this  heaping  up  of  the  ice  here  is  further  indicated 
by  the  deep  hollow  in  the  Lynn  of  Morven,  between  Eudha  an 
Bidere  and  the  little  island  of  Bernera.  In  consequence  of  this 
pressure  it  would  to  a  considerable  extent  be  forced  up  the 
slopes  of  Mull  and  round  the  flanks  of  Creag  Dubh  and  Sgurr 
Dearg,  and  while  part  would  no  doubt  reach  the  Firth,  either 
directly  or  by  Loch  Buy,  another  portion  may  have  been  pushed 
up  the  gentle  incline  of  Glen  Lusga,  and,  overflowing  the  low 
col  at  the  head  of  that  valley,  have  descended  towards  Loch 
Scridain.  Reinforced  doubtless  by  local  ice  from  the  Ben  More 
mountains  on  the  north  and  deflected  somewhat  southward  by 
the  heights  of  Ardmeanach,  it  would  pass  over  the  low  land  of 
the  Bofifi  of  Mull,  and  so  reach  the  Atlantic  over  the  island  of 
lona. 

This  would  probably  be  the  course  taken  even  with  the  mer 
de  glace  at  its  greatest  thickness,  for  the  bottom  ice  would 
always  tend  to  follow  the  line  of  the  valleys  although  these 
might  not  coincide  exactly  with  the  direction  of  the  general 
movement  of  the  ice-cap.    And  this  block — unless  the  vein 
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occurs  somewhere  high  up  in  the  face  of  the  cli£^  where  it  has 
never  been  observed — did  not  fall  upon  the  surface  of  the 
glacier,  but  was  dragged  along  the  floor  of  the  glen  and  caught 
up  into  the  lower  layers  of  ice. 

I  think  it  is  quite  possible  that  ice  from  Loch  linnhe  at  least 
may  have  reached  lona  in  this  way  when  the  ice-cap  was  at 
its  maximum  and  the  pressure  firom  the  East  enormous,  but 
the  glaciers  of  that  period  have  already  been  given  so  much 
hard  work  to  do,  that  it  does  not  seem  fair  to  burden  them 
unnecessarily  with  the  transport  of  this  erratic. 

There  is  another  very  obvious  hypothesis. 

The  icebergs  finom  the  glaciers  that  calved  into  the  fjords 
during  the  advance  of  the  ice  sheet,  and  again  when  it  was 
retreating,  must  frequently  have  borne  with  them  stones  and 
other  debris.  And  even  during  a  much  milder  period  shore  or 
river  ice  may  have  often  carried  away  in  spring  pebbles  from 
the  shores  of  the  lochs  and  from  the  river  beds.  And  it  is  not 
difficult  to  imagine  one  of  these  floes,  at  a'  time  when  the  sea 
level  was  at  least  not  greatly  different  from  the  present,  drifting 
down  Loch  Leven  and  Loch  Linnhe,  bearing  with  it  from  the 
mouth  of  the  Coe  this  pebble  of  porphyry,  and  after  floating 
along  the  coast  of  Mull,  finally  stranded  with  its  burden  on  the 
South  end  of  lona. 

I  am  inclined  to  think  that  this  is,  for  several  reasons,  the 
more  probable  explanation  in  this  particular  case.  But  both 
creeping  and  floating  ice  must  I  believe  have  contributed  to  the 
remarkably  heterogeneous  collections  of  rocks  which  are  to  be 
found  on  the  shores  of  some  of  these  Western  islands,  and  which 
merit  I  think  a  more  detailed  consideration  than  they  have  yet 
received. 
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XVIII. — Notes  on  the  Section  in  the  New  Haymarket  Tunnel, 
By  Henry  M.  Cadell,  B.Sc.,  F.RS.E.,  F.G.S. 

(Read  2nd  May  1895.) 

The  new  Haymarket  Tunnel,  which  runs  parallel  to  and  alongside 
of  the  original  tunnel,  has  a  length  of  about  1000  yards  between 
the  Haymarket  Station  at  its  western  and  St  Cuthbert's  Church- 
yard at  its  eastern  end.  The  excavation  was  a  work  of  great 
engineering  skill,  as  the  crown  of  the  arch  had  at  places  to  be  con- 
structed in  soft,  loose  soil,  a  very  few  feet  below  the  buildings 
abova  At  other  places  the  whole  of  the  excavation  was  in  the 
soUd  rock,  and  while  the  work  was  in  progress  I  had,  through  the 
kindness  of  Mr  W.  Laing,  one  of  the  engineers  in  charge,  an 
opportunity  of  paying  several  visits  and  examining  the  sections  as 
they  were  opened  up  during  the  winter  and  spring  of  1893.  The 
exigencies  of  the  case  necessitated  the  building  in  of  the  ring 
as  the  cutting  advanced,  so  that  the  section  was  closed  in  a 
very  short  time  after  it  was  opened  up.  I  was  thus  only  able 
to  catch  a  series  of  glimpses  of  the  parts  that  were  open  at  the 
time  of  my  visits,  and  may  well  have  missed  interesting  parts 
between.  I  saw,  however,  good  samples  of  most  of  the  rock 
that  had  been  excavated  as  it  was  carted  away,  so  that  I  was 
enabled  to  judge  pretty  accurately  of  the  nature  of  the  rock  all 
the  way  along  the  excavation.  Since  this  section  is  now  quite 
concealed  I  think  that  perhaps  some  useful  purpose  may  be 
served  by  placing  on  record  the  few  observations  that  were  then 
made. 

Throughout  the  whole  length  of  the  tunnel  the  rocks  were  of 
a  sedimentary  character,  and  so  far  as  I  have  been  able  to 
ascertain,  no  igneous  intrusions  or  ash  beds  were  met  with. 
The  general  dip  was  to  N.W.  or  W.N.W.  At  the  Haymarket 
end  there  was  a  set  of  well  bedded  gray  fakes,  sandy  shales, 
and  blaes  dipping  to  N.W.  at  35°.  A  rib  of  coal,  varying  from 
1  to  3  inches  in  thickness,  was  found  about  170  feet  in  from  the 
mouth  of  the  tunnel,  and  a  few  other  coal  ribs  were  met  with 
under  Dairy  Boad  and  Morrison  Street,  but  beyond  these  no 
other  seams  of  coal,  oil  shale,  or  other  economic  rocks  were 
found,  so  far  at  least  as  I  was  able  to  ascertain.  The  section  all 
the  way  to  the  Lothian  Koad  consisted  of  gray  carbonaceous 
fakes,  sandy  ribs,  blaes,  and  thin  sandstones,  with  occasional 
hard  '*  kingle  "  beds.   These  beds  had  a  tolerably  uniform  dip  to 
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N.W.  of  35°  to  49**  all  the  way  along  to  the  Caledonian  Station, 
under  the  centre  of  which  the  tunnel  was  carried.  Here  and 
there  I  was  also  able  to  measure  the  dip  of  the  beds  exposed  in 
excavations  on  the  surface.  At  the  south  end  of  Palmerston 
Place,  a  short  distance  to  the  north  of  the  line  of  the  tunnel,  the 
shales  were  found  dipping  to  N.W.  at  35". 

At  the  Caledonian  Kailway  Station  a  large  fault  was  clearly 
revealed  on  the  surface,  and  in  the  tunnel  beneath  another  dis- 
location a  short  distance  to  the  north  of  the  former  was  also 
exposed.  The  fault  first  mentioned  runs  parallel  to  the  railway, 
right  through  the  turntable  east  of  Morrison  Street  Bridge,  and 
thence  in  a  N.E.  direction  through  the  centre  of  the  goods 
station.  It  has  a  downthrow  to  N.W.,  and  the  black  blaes  at 
each  side  have  been  much  smashed  and  are  tilted  up  at  an 
angle  of  50^  In  the  tunnel  a  parallel  fault  was  crossed  running 
underneath  the  west  end  of  the  new  passenger  station,  and  close 
to  this  dislocation  the  shales  were  nearly  vertical  in  position, 
and  much  disturbed.  This  line  of  dislocation  may  be  either  a 
separate  fault  or  a  branch  from  one  of  the  great  faults  that  have 
been  traced  for  miles  across  the  country  to  the  west  of  Edinburgh. 
These  have  the  effect  of  bringing  up  deeper  parts  of  the  wd- 
ciferous  sandstone  series  along  their  southern  side,  and  were 
probably  connected  with  the  movements  accompanying  the  up- 
heaval of  the  Pentland  ridge.  Hitherto  only  one  main  line  of 
dislocation  has  been  clearly  traceable  on  the  surface  in  this 
locality.  It  ruas  along  Fountainbridge,  and  was  clearly  seen 
when  the  cutting  for  the  suburban  railway  was  made  at  Craig- 
lockhart  Station.  The  dark  shales  of  the  Wardie  series  were 
there  found  to  be  faulted  down  against  the  red  conglomerates 
and  sandstones  that  are  now  regarded  as  the  upper  members  of 
the  Old  Red  Sandstone.  When  such  large  dislocations  traverse 
a  district  it  is  usual  to  find  several  parallel  faults  instead  of  a 
single  one,  and  it  seems  to  me  probable  that  the  fault  at  the 
Caledonian  Railway  Station  is  a  secondary  fault  of  perhaps 
lesser  magnitude  than  the  larger  one  to  the  S.E. 

At  the  east  end  of  the  tunnel,  under  St  Mark's  Chapel  in 
Castle  Terrace,  the  beds  were  of  hard  freestone  and  red  marl, 
with  a  dip  to  W.N.W.  of  40'.  To  the  east  of  Castle  Termce  the 
excavation  was  partly  made  through  silt,  deposited,  no  doubt,  in 
the  marsh  that  once  occupied  the  upper  end  of  the  Nor'  Loch 
valley.  The  only  important  remains  of  an  organic  nature  ex- 
humed in  the  section  were  obtained  during  the  gruesome  opera- 
tion of  tunnelling  through  St  Cuthbert's  graveyard,  one  of  the 
cofl&ns  having  been  found  buried  20  feet  below  the  surface ! 
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XlX.—8otne  of  the  Modes  of  Origin  of  Oil  SJiales,  with  Remarks 
wpo'ii  the  Geological  Histoiy  of  some  other  Hydrocarbon 
Compounds.,  By  J.  G.  GooDCHiLD,  F.G.S.,  H.M.  Geological 
Survey,  Curator  of  the  Collections  of  Scottish  Geology  and 
Mineralogy,  Edinburgh  Museum  of  Science  and  Art. 

(Read  2nd  May  1895.) 

The  origin  of  the  native  hydrocarbons  has  attracted  a  great 
deal  of  attention  within  the  past  few  years,  chiefly,  perhaps,  on 
account  of  the  important  economic  questions  connected  witli 
the  subject  Yet  notwithstanding  the  fact  that  various  mining 
engineers,  chemists,  and  geologists,  each  with  a  good  knowledge 
of  the  facts,  have  devoted  much  thought  to  this  subject,  very 
wide  differences  of  opinion  upon  the  modes  in  which  these  de- 
posits have  been  formed  still  prevail.  This  may  be  partly  due 
to  investigators  giving  exclusive  attention  to  one  set  of  occur- 
rences, or  to  one  particular  view,  without  their  taking  into 
account  the  possibility  that  similar  results  may  have  arisen 
through  the  operation  of  widely  different  causes.  Those  who 
have  brought  extended  knowledge  to  bear  upon  this  difldcult 
question  know  full  well  that  no  single  explanation  of  the  origin 
of  the  natural  hydrocarbons  is  applicable  to  every  known  case. 
In  attempting  an  explanation  of  this,  as  of  so  many  other 
natural  operations,  we  have  therefore  to  keep  steadily  in  mind 
at  least  the  possibility  of  these  products,  as  a  whole,  having 
originated  in  very  different  ways. 

The  literature  connected  with  this  subject  is  now  so  volimiin- 
ous  that  it  is  next  to  impossible  even  to  refer  to  the  whole  of 
the  authors  by  name.  Nor  is  it  possible,  or  perhaps  necessary, 
to  attempt  to  notice  more  than  a  few  of  the  theories  which  have 
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been  advanced  r^arding  the  origin  of  the  hydrocarbons.  In 
the  present  communication,  therefore,  attention  will  be  confined 
to  observations  upon  such  views  as  have  met  with  more  or  less 
general  acceptance.  To  these  it  is  proposed  to  add  some  further 
observations  which  have  been  suggested  by  a  wide  survey  of  the 
facts  at  present  known. 


Amongst  the  many  views  which  have  been  advanced  is  one 
which  appears  to  find  considerable  favour  with  geologists,  and 
especially  with  those  of  Scotland.  Noting  the  fact  that  some  of 
the  principal  deposits  of  oil  shale  are  found  in  those  areas  of 
Carboniferous  Eocks  where  coal  seams  occur  in  intimate  associa- 
tion with  eruptive  rocks,  geologists  have  perceived  in  this 
association  a  case  of  cause  and  effect.  It  has  been  stated,  with 
a  good  show  of  reason,  that  where  eruptive  rocks  have  made 
their  way  upward  through  strata  containing  much  carbonaceous 
matter,  this  has  undergone  distillation,  and  the  volatile  products 
have  risen  from  the  parent  source  to  a  higher  level  where  they 
have  eventually  undergone  condensation.  No  one  can  for  a 
moment  deny  that  such  a  process  does  take  place  now,  and  we 
may  safely  affirm  that  it  has  done  so  in  the  past.  But  much  of 
the  evidence  adduced  in  support  of  the  view  that  such  has  been 
the  case  in  any  special  district,  such  as  in  the  Lothians,  breaks 
down  on  closer  examination.  For  example,  one  of  these  evi- 
dences was  supposed  to  be  afforded  by  the  anthracite  and 
various  bituminoids  which  occur  in  connection  with  eruptive 
rocks  near  Linlithgow,  Elie,  St  Andrews,  tlie  Calton  Hill, 
Arthur  Seat,  and  Craiglockhart  Hill.^  In  regard  to  these 
bituminoids  it  is  now  known  almost  for  certain  that  they 
are  due  to  the  effects  of  high  temperatures  upon  limestone, 
by  which  calcium  carbide  has  been  formed.  From  this,  by 
the  operation  of  other  causes  (wliich  in  these  days  when  acete- 
lyne  gas  is  so  much  used  are  now  well  understood),  various  solid 
hydrocarbons  have  resulted,^  and  indeed  the  occurrence  of  the 
diamoTui  in  connection  with  volcanic  necks  may  well  be  an 
extreme  case  due  to  the  same  cause.  Modern  researches  in 
chemistry  have  taught  us  that  there  is  no  necessary  connection 
between  the  occurrence  of  such  carbon  compounds  as  graphite 
and  anthracite  (and  therefore  diamond)  and  organic  agency. 
Hydrocarbons,  in  the  great  majority  of  cases  undoubtedly  of 

^  Specimens  of  these  mineralB  from  each  of  these  localities  are  on  yiew  in  the 
Heddle  CoUection,  now  exhibited  in  the  Gallery  of  Scottish  Geology  and 
Mineralogy  in  the  Edinburgh  Museum  of  Science  and  Art. 

'  This  explanation  of  the  origin  of  the  anthracite  of  the  Calton  Hill,  &c.,  was 
first  made  public  by  the  writer  of  this,  at  the  meeting  of  the  Gdin.  Geol.  Socy. 
in  Feb.  1897. 
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oi^ganic  origin,  may  also  arise  through  the  operation  of  causes  of 
a  purely  inorganic  nature,  in  like  manner  to  limestones,  as  I 
have  before  shewn  (Proc.  Eoy.  Physical  Socy.,  vol.  x.  p.  98 
(1889).    Geol.  Mag.,  Feb.  1889.    Trans.  Edin.  Geol.  Soc,  1889). 

Assuming,  however,  that  certain  hydrocarbons  may  arise 
tlirough  the  distillation  of  the  volatile  constituents  of  coal-seams 
l»y  the  heat  from  contiguous  eruptive  rocks,  let  us  briefly  con- 
sider what  form  the  results  would  take.  Several  factors  are 
concerned  in  such  an  operation.  Amongst  these  may  be  stated 
— (1)  The  chemical  composition  of  the  seam  when  first  affected 
by  the  heat  emanating  from  the  intrusive  mass.  (2)  The 
temperature  of  the  molten  mass,  its  chemical  composition,  and 
the  period  through  which  it  remained  hot.  (3)  The  lithological 
character  of  the  sedimentary  rocks  affected  by  the  intrusive 
mass,  the  distance  of  the  coal  seam  from  the  bounding  surfaces 
of  the  molten  rock,  and  the  thickness  of  rock  overlying  both. 
(4)  The  quantity  of  water  present.  (5)  The  form  of  the  intru- 
sive mass,  whether  a  sheet,  a  dyke,  or  a  neck  rock.  Given  a 
series  of  coal-bearing  strata,  which  are  overlain  by  other  strata 
of  a  suitable  kind,  and  are  afterwards  invaded  by  a  siU  of  erup- 
tive rock,  and  we  have  all  the  conditions  requisite  for  the  dis- 
tillation, and  the  subsequent  condensation  at  a  higher  level,  of 
such  hydrocarbons  as  are  volatile  at  the  temperature  to  which 
the  rocks  were  raised.  It  would  probably  not  be  at  all  difficult 
t(i  point  to  many  cases  in  the  Lothians,  and  probably  elsewhere 
also,  where  this  combination  of  conditions  may  have  given  rise 
to  the  results  here  indicated. 

On  the  other  hand,  as  perhaps  might  have  been  expected, 
there  exist  many  cases  to  which  the  explanation  just  given 
would  not  seem  very  well  to  apply.  We  can,  perhaps,  best 
approach  the  study  of  these  after  considering  how  eruptive  rocks 
would  affect  carboniferous  strata  under  conditions  different  from 
those  just  mentioned-  It  is  undoubtedly  true  that,  in  replacing 
the  rocks  they  invade,  intrusive  masses  do  very  frequently  keep 
to  one  definite  geological  horizon,  and  they  do  this,  in  some 
cases,  over  hundreds  of  square  miles.  The  Whin  Sill  of  the 
North  of  England  is  a  case  in  point.  But  quite  as  often  they 
cut  across  the  bedding  at  every  imaginable  angle.  An  inti  usive 
mass  may  thus  directly  underlie  a  given  coal  seam  at  one  point, 
while  at  another,  only  a  few  yards  off,  the  same  intrusive  mass  may 
lie  on  a  geological  horizon  higher  or  lower  by  many  yards.  In  all 
cases  of  intrusion  the  isogeotherms — if  one  may  so  term  them — 
resulting  from  the  intrusion  of  the  heated  mass,  must  range 
approximately  parallel  to  the  bounding  surfaces  of  the  intruder, 
except,  of  course,  where  marked  differences  of  thermal  conduc- 
tivity exist  in  the  rocks  so  invaded.     In  the  case  of  an  intrusive 
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mass  which  cuts  across  the  bedding  of  the  rocks  instead  of  con- 
forming to  it,  both  the  distillation  and  the  subsequent  condensa- 
tion of  any  hydrocarbons  must  therefore  he,  from  the  very  nature 
of  the  case,  extremely  irregular,  and  quite  unlike  the  regularly- 
stratified  beds  confined  to  one  definite  geological  horizon,  with 
which  we  are  accustomed  to  meet  in  the  case  of  beds  of  oil 
shale.  The  most  that  could  happen  in  such  a  case  would  be  the 
formation  of  a  series  of  carbonaceous  aureoles  on  horizons  where 
suitable  conditions  for  the  redeposition  of  the  hydrocarbons 
existed  in  the  neighbourhood  of  the  intrusive  mass. 

The  next  point  to  be  noticed  is  the  very  important  one,  that 
coal-bearing  strata  which  have  been  invaded  by  intrusive  sheets 
occur  in  districts  where  oil  shales  are  quite  unknown.  In  the 
Upper  Carboniferous  Rocks  of  the  Basins  of  the  Forth  and  the 
Clyde  there  is  a  concurrence  of  such  conditions,  and  yet  oil 
shales  on  these  horizons  are  either  imperfectly  represented  or 
else  are  altogether  absent. 

On  the  other  hand,  confining  our  attention  to  the  Lothian 
Oil  Shales  for  the  present,  we  find  that  they  are  practically  all 
restricted  to  one  geological  horizon  in  the  Lower  Carboniferous 
rocks,  which  horizon  is  in  the  strata  between  the  Hurlet  Lime- 
stone (which  is  of  Yoredale  age)  and  the  top  of  the  Sandstones 
of  Salisbury  Crags  (which  sandstones  correspond  in  position 
and  lithological  character  to  the  Lower  Limestone  Shales  of 
English  geologists).  True  coal  seams  within  the  boundaries 
named  are  rare,  and  are  almost  never  of  any  great  thickness. 
Again,  it  is  by  no  means  the  case  that  the  oil  shales  are  confined 
to  the  neighbourhood  of  the  intrusive  rocks.  Mr  Cadell'a  well- 
known  and  valuable  paper  on  the  "  Oil  Shales  of  the  Lothians " 
— Trans.  Mining  Institute  of  Scotland — and  his  equally  valuable 
work  on  Sheet  32  of  the  Geological  Survey  of  Scotland,  have 
given  geologists  abundant  opportunity  of  making  themselves 
fully  acquainted  with  both  the  geological  position  and  the  geo- 
graphical distribution  of  these  deposits  in  the  district  referred 
to,  so  that  we  need  no  longer  remain  in  doubt  in  regard  to  the 
facts. 

Field  evddence  throws  a  certain  amount  of  light  upon  the 
relations  which  the  oil  shales  bear  to  associated  deposits  of 
sedimentary  origin.  Regarded  as  they  occur  over  a  large  area, 
they  are  seen  to  form  members  of  a  series  of  deposits  which 
have  carbonaceous  shales  and  sandstones  as  their  chronological 
equivalents  in  one  part  of  a  given  area — in  the  direction  whence 
the  source  of  the  materials  is  supposed  to  have  lain — and  coal 
seams  and  limestones  in  the  opposite  direction — that  in  which 
deeper-water  conditions  are  believed  to  have  prevailed  like 
coal  seams,  some  oil  shales  are  traceable  for  many  miles  in  a 
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given  direction,  with  but  little  variation  in  character ;  while  in 
other  cases  they  may  pass  within  short  distances  into  ordinary 
carbonaceous  shales,  into  cannel  coal  or  into  blackband  iron- 
stone ;  or  they  may  be  interbedded  with  thin  bands  of  chemi- 
cally-formed limestone,  generally  of  the  type  represented  by 
the  well-known  limestone  of  Burdiehouse.  Any  explanations 
of  the  origin  of  the  oil  shales  which  ia  intended  to  apply  to  all 
the  known  cases  must  take  full  cognisance  of  these  facts. 

We  will  now  pass  on  to  consider  one  or  two  such  explana- 
tions, each  of  which  will  probably  be  found  to  hold  good  in 
jjarticular  cases,  but  no  one  of  which  is  capable  of  universal 
application.  One  of  these  views  is  based  upon  the  assumption 
—doubtless  a  good  one  in  many  cases — that  the  carbon  com- 
pounds which  confer  upon  oil  shales  and  allied  rocks  their 
large  percentage  of  bituminoids,  are  due  to  the  decomposition 
of  matter  of  animal  origin.  Fish,  moUusca — animals  of  any 
kind  whose  remains  find  their  way  into  water,  are  supposed 
to  have  contributed  their  share. 

That  animal  life  abounded  in  the  waters  in  which  oil  shales 
were  deposited,  no  one  who  knows  these  rocks  as  they  occur  in 
the  field  can  for  a  moment  entertain  any  doubt.  Nor  is  it 
possible  to  feel  any  doubt  that,  if  the  local  circumstances  were 
of  such  a  nature  as  to  arrest  or  to  delay  the  processes  of  de- 
composition to  which  all  dead  animal  matter  is  subject,  the 
carbon,  hydrogen,  &c.,  which  largely  go  to  make  up  these 
organic  compounds,  might  well — in  fact  must — go  to  form 
materials  very  similar  in  their  composition  to  those  which  make 
up  the  bituminoids  in  question.  There  is  no  diflSculty  in  at  least 
conceiving  that  such  concurrence  of  circumstances  may  again 
and  again  have  arisen,  lx)th  on  the  land  and  below  the  sea,  by 
which  dead  matter  of  animal  origin  has  been  converted  into 
hydrocarbon  compounds.  We  know  that,  as  a  rule,  organic 
matter  of  animal  origin  is  very  rapidly  decomposed  into  its 
components,  which  components,  when  liberated  under  water, 
produce  some  geological  effects  of  considerable  importance. 
What  may  be  the  precise  nature  of  the  circumstances  under 
which  such  animal  matter  is  prevented  from  decomposition  of 
the  normal  kind,  but,  instead,  passes  into  bituminoids,  is  a 
question  which  must  be  left  for  students  of  organic  chemistry 
to  answer,  if  the  answer  is  to  be  to  the  satisfaction  of  geologists. 

Whatever  causes  may  have  combined  to  bring  about  a 
mingling  of  half-decomposed  animal  matter  with  the  mud  and 
fine  clay  whose  thin  films  were  giving  rise  to  the  fonnation  of 
oil  shales,  it  is  quite  certain  that  they  must  have  been  of  a  very 
exceptional  nature ;  for  shales  containing  so  large  a  proportion 
of  hydrocarbon  as  to  be  of  commercial  value  occur  only  in  two 
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British  deposits,  to  wit,  the  lower  half  of  the  Lower  Carbon- 
iferous rocks,  within  a  small  area  in  the  Lowlands  of  Scotland, 
and  a  thin  band  in  the  Upper  Jurassic  Bocks  —  in  the 
Kimeridge  Clay  of  Dorset.  In  all  other  British  formations, 
and  even  in  these  mentioned  beyond  the  area  named,  de- 
composition of  animal  matter  (which,  of  course,  must  have 
occurred  in  abundance  on  innumerable  horizons)  appears  to 
have  proceeded  so  far  in  every  case  as  to  leave  not  a  trace 
of  any  bituminoids  behind. 

With  organic  matter  of  vegetable  origin,  the  case,  of  course, 
is  far  dififerent.  But  how  this  vegetable  matter  could  at  one 
point  contribute  to  the  formation  of  sandstones,  as  it  does  at 
Ciaigleith  and  at  Hailes  Quarries,  near  Edinburgh  ;  at  another 
point  give  rise  to  coal  seams ;  and  at  a  third,  all  within  the 
same  geological  period,  give  rise  to  oil  shales,  is  again  a 
question  for  a  reply  to  which  we  must  once  more  turn  to  the 
Chemist. 

My  friend  Dr  Heddle,  himself  a  chemist  of  renown,  and  at  tlie 
same  time  one  of  our  foremost  pioneers  in  much  that  relates  to 
Scottish  geology,  warns  me  at  this  point  against  the  danger  of 
venturing  into  a  domain  unfamiliar  to  me,  but  within  which 
he  himself  is  so  much  at  home.  Geologists,  he  says,  with  much 
truth,  have  often  committed  serious  errors  in  wandering  from 
their  own  tenitory  into  that  of  their  neighbours,  and  especially 
into  that  claimed  by  the  chemists.  He  is  right,  I  feel  sure ;  but 
when  he  and  his  fellow- workers  have  been  repeatedly  invited  to 
take  up  questions  of  this  kind,  they  have  generally  declined  to 
do  so,  without  giving  any  reason.  What  can  geologists  do,  there- 
fore, but  take  up  the  question  themselves,  and  reason  out  an 
answer  to  it  by  means  of  observations  made  from  their  side  of 
the  border  ?  In  other  words,  it  appears  to  me  that  we  may  get 
some  kind  of  suggestion  as  to  how  at  least  a  few  of  these  facts 
have  arisen  from  a  careful  study  of  the  facts  themselves.  This 
I  will  now  attempt  to  do. 

We  must  begin  by  reviewing  the  chief  points  of  importance 
connected  with  the  mode  of  occurrence  of  hydrocarbons  and 
their  commoner  associated  substances  in  rocks  in  process  of  for- 
mation to-day,  and  then  go  on  to  consider  those  formed  in  past 
ages.  (1)  In  regard  to  their  geographical  distribution — this  may 
be  said  to  be  world-wide.  (2)  The  age  of  the  strata  from  which 
these  compounds  are  obtained  extends  from  Recent  times  back  to 
the  Older  Palaeozoic  Period.  (3)  They  occur  equally  in  association 
with,  and  far  removed  from,  rocks  of  eruptive  origin.  (4)  They  are 
not  confined  to  strata  which  have  undergone  mechanical  dis- 
turbance, but  occur  almost  as  frequently  amongst  rocks  which 
show  no  sign  of  any  such  eaith-movements.     (5)  In  a  great 
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majority  of  cases  they  are  associated  with  strata  which  there  is 
other  reason  for  regarding  as  having  been  formed  in  closed 
bodies  of  water,  under  sub-humid,  or  at  the  most,  sub-arid, 
climatal  conditions.  (6)  And,  lastly,  they  are  very  generally, 
though  not  invariably,  associated  with  rock  salt,  gypsum,  and 
other  deposits  commonly  associated  with  these  mineral  sub- 
stances. 

In  regard  to  the  deposits  of  rock  salt  and  gypsum,  it  is  gene- 
rally recognised  at  the  present  day  that  these  must  be  looked 
upon  as  deposits  from  precipitation,  which  have  been  thrown 
down  in  closed  bodies  of  ihland  water,  in  which  the  water 
brought  into  the  lakes  by  their  feeders  is  mainly  dissipated  by 
evaporation.  In  such  bodies  of  inland  water  the  tributary 
streams  transfer  from  the  air  and  the  land  considerable  quan- 
tities of  various  substances,  wliich,  carried  down  in  solution,  are 
eventually  deposited  in  the  solid  form  as  the  water  evaporates. 
Of  these  sulistances,  one  we  are  at  present  concerned  with  is 
rock-salt  (which,  driven  up  from  tlie  sea  during  stonns,  after- 
wards forms  the  nuclei  of  rain  drops ;  and  is  thus  again  trans- 
ported seawards,  under  normal  conditions  of  drainage).  The 
other  is  gypsum,  which  is  mainly  derived — perhaps  directly — 
from  the  land.  Along  with  these  substances  transported  in 
solution  there  often  occurs  more  or  less  organic  matter,  amongst 
which  v^etable  remains  predominate.  To  gain  a  clear  idea 
regaixling  the  kind  of  conditions  I  have  in  view,  I  would  ask  the 
reader  to  endeavour  to  realise  what  is  occurring  now  in  the  lower 
part  of  the  Valley  of  the  Jordan,  and  in  the  terminus  of  that 
valley,  the  Dead  Sea.  This  is  an  area  of  inland  drainage  where 
the  conditions  as  regard  rainfall  are  sub-humid,  or,  at  the  most, 
sub-arid.  The  district  drained  is  mostly  calcareous,  therefore  the 
Jordan  carries  down  much  lime  in  solution,  partly  as  carl)onate, 
partly  as  sulphate.  Eain  carries  down  Chloride  of  Sodium  and 
Chloride  of  Magnesium  (both  of  them  being,  I  believe,  mainly 
derived  from  sea-spray),  mostly  in  the  form  of  the  nuclei  of  rain- 
drops. The  Jordan  sweeps  down  considerable  quantities  of  vege- 
table matter — for  the  Jordan  Valley  itself  is  well- wooded.  As  the 
whole  of  the  water  carried  in  by  the  Jordan  escapes  by  evapora- 
tion, the  dissolved  substances  are  either  left  in  solution,  or  else 
are  precipitated.  So  we  have  a  strong  solution  containing 
Chlorides  of  both  Sodium  and  Magnesium,  as  well  as  other 
chlorides.  With  these  the  river  carries  from  the  land  solutions 
of  Sulphate  of  Lime,  together  with  organic  matter,  chiefly  of 
vegetable  origin,  in  larger  or  smaller  quantities.  Bitumen 
occurs  in  considerable  quantities,  apparently  fonned  in  thin 
sheets  at  the  bottom  of  the  Dead  Sea,  whence,  after  earthquakes, 
it  is  dislocated,  and  eventually  rises  to  the  surface,  and  floats 
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here,  where  for  a  long  time  it  formed  the  chief  source  of 

pply  of  the  bitumen  used  by  the  Ancients.    , 

If  we  study  the  lakes  occurring  in  the  inland  drainage  area 

Central  Asia,  much  the  same  facts  come  to  light.  Those 
hich  receive  water  supplies  from  regions  where  vegetation  in 
me  form  or  other  occurs,  all  show  deposits  of  rock-salt,  gypsum, 
gether  with  one  or  other  of  the  bitimiinoids  or  hydrocarbons, 
lid  or  liquid. 

If  we  study  the  Pitch  Lake  of  Trinidad,  thei^  again  we  find 
is  marked  association  of  bituminoids  and  sulphates.  (In  this 
ae  the  explanation  of  the  association  is,  it  seems  to  me,  just 
le  same  as  I  would  apply  to  the  other  cases,  even  though  at 
•st  sight  there  may  appear  to  be  important  diflferences.)  The 
me  is  true  in  Sicily. 

If  now,  instead  of  considering  what  this  explanation  may  be, 
e  pass  on  to  consider  what  one  may  term  the  fossil  examples 

the  same  kind,  facts  and  associations  of  precisely  the  same 
iture  come  to  light.  Whether  we  study  the  Miocene  lacus- 
ine  phenomena  of  Central  France,  the  deposits  of  Jurassic  age  on 
le  Continent  or  in  Britain,  or  the  Older  Palaeozoic  rocks,  where 
lese  bituminoids  in  one  or  other  of  their  many  forms  occur,  in 
jarly  all  cases  do  we  find  the  same  association  of  rock  salt  and 
rpsum  (or,  if  not  these,  yet  clear  evidence  of  exceptional  con- 
tions  of  deposit)  with  the  occurrence  of  bituminoids.  In  the 
aithness  Flags  we  have  an  excellent  example  of  one  of  the 
any  manifestations  of  the  same  nature.  This  particular  case 
le  reader  will  find  discussed  in  some  detail  in  a  paper  specially 
paling  with  this  subject,  whicli  is  published  in  the  Proc.  Roy. 
hysical  Society,  1897. 

In  almost  eveiy  case  where  the  nature  of  the  rocks  suggests 
rmation  in  lagoons  (t.«.,  bodies  of  sea- water  temporarily  cut  oflF 
om  the  sea,  and  containing  dissolved  salts  more  or  less  con- 
jntrated  by  evaporation),  or  in  areas  of  inland  drainage,  do  we 
id  the  association  of  sun-cracked  surfaces,  pseudomorphs  of 
Kjk-salt,  with  deposits  of  dolomite,  gypsum,  and  one  or  other 
■  the  bituminoids.  Not  to  go  far  afield  for  an  example  which 
)es  not  pertain  to  the  Oil  Shale  Series,  we  have  it  in  the  Sand- 
ones  of  Salisburj"  Crags,  in  which  the  abimdant  occurrence 
'  sun-cracked  surfaces,  the  parti-coloured  sandstones  (whose 
)louring  matter  consists  of  ferric  oxide,  ferrous  silicate,  glau- 
)nite,  and  ferric  hydrate),  the  calcareous  breccias  due  to  broken 
[)  crusts  of  precipitated  carbonate  of  lime  and  dolomite,  pseudo- 
Lorphs  of  rock-salt,  and  other  phenomena  of  the  same  general 
iture,  we  still  find  traces  of  bituminous  matter. 
This  marked  association,  so  often  referred  to  here,  seems  to 
iggest  what  is  the  most  likely  explanation — or  one,  at  any 
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rate,  which,  as  an  hypothesis,  may  be  tested  by  applying  it  to 
new  cases  as  they  arise.  This  is  based  primarily  upon  the 
fact,  long  known  to  chemists,  that  macerating  organic  matter, 
especially  that  of  vegetable  origin,  and  water  containing 
weak  solutions  of  sulphate  of  lune,  bring  about  reciprocal 
reactions  upon  each  other.  The  decomposing  organic  matter 
robs  the  sulphate  of  a  part  of  its  oxygen,  which  goes  to  form 
CO,  whereupon  the  remaining  sulphide  readily  passes  further 
into  the  condition  of  carbonate,  which  may  be  precipitated,  and 
in  that  form  be  either  diffused  through  the  strata  forming,  or 
may  s^r^ate  into  nodular  masses.  This  is  the  origin  of  the 
Comstones  of  the  Upper  Old  Eed,  wliich  mark  the  reactions 
consequent  upon  the  arrival  in  the  Old  Red  Lakes  of  remains 
of  the  earliest  of  the  Carboniferous  vegetation.  It  was  this 
which  gave  rise  to  the  very  remarkable  limestone  of  Burdie- 
liouse,  which  consists  of  alternations  of  thin  laminie  of  oil 
shales,  more  or  less  calcareous  in  character,  with  equally  thin 
laminse  of  chemically-precipitated  carbonate  of  lime,  much  of 
which  is  in  the  form  of  small  pellets,  not  imlike  the  oolite 
l^nules  now  forming  in  the  Great  Salt  Lake  of  Utah.  It  is 
also  the  origin  of  the  material  which,  subsequently  broken  up, 
forms  the  calcareous  breccias  of  the  Salisbuiy^  Crag  Sandstones. 
The  dolomite  and  limestone  bands  and  nodules  in  the  Caithness 
flags,  and  the  bituminoids  associated  therewith,  have  originated 
in  the  same  manner.  (See  the  paper  above  referred  to,  and 
also  GeoL  Mag.,  July  1889,  p.  314;  and  Proc.  Geol.  Assoc. 
(Excursion  to  North-West  Cumberland),  1889,  p.  51.) 

The  reciprocal  action  lies  in  the  fact  that  ligneous  matter, 
and  especially  the  looser  vascular  tissues  of  the  lower  forms  of 
plant  Ufe,  in  the  presence  of  solutions  of  sulphates  in  water, 
tends  to  dissolve,  and  to  be  converted  into  oily  or  gummy 
compounds.  It  is  this  cause,  I  have  long  believed  and  taught, 
which  tends  to  obliterate  the  structure  in  so  much  of  the 
vegetable  matter  that  forms  coal.^  The  vascular  tissues  so 
dissolved  form  the  cherry  coal,  the  vascular  tissues  which  have 
been  simply  macerated  form  the  cannel  layei-s,  while  the 
ligneous  matter  forms  the  "mother  of  coal."  Innumerable 
alternations  of  these  may  be  found  in  some  Scottish  coals 
within  the  thickness  of  a  few  inches.  (This  \iew  is  held  on 
the  assumption  that  coal  is  of  subaqueous  origin,  formed  in 
deltas,  and  not  on  the  land.)  It  is  this  same  cause  that  makes 
the  muds  and  clays  of  many  deltas  so  highly  carbonaceous,  as 
is  referred  to  at  some  length  by  Credner,  in  his  article  on 
Deltas  in  "Petermann's  Mittheilungen,"  xiL  No.  63,  p.  16  (1878). 

At  present  we  have  no  means  of  judging  what  is  the  exact 

'  See  the  ^liter's  x>aper  on  the  Origin  of  Coal,  quoted  above. 
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ature  of  the  i-eactions  now  specially  under  consideration; 
ut  that  it  does  actually  take  place  no  one  who  will  carefully 
msider  the  facts  can  reasonably  doubt.  I  have  been  led  to 
include,  from  the  study  of  a  large  body  of  facts,  that  the 
»ults  are  dependent  chiefly  upon  the  proportion  which  the 
uantity  of  sulphate  in  solution  bears  to  that  of  the  vegetable 
latter  acted  upon.  Where  the  solutions  are  strong,  and  the 
uantity  of  vegetable  matter  relatively  small,  I  should  expect 
lat  the  change  proceeds  so  far  as  to  dissolve  the  whole,  at  least 
f  the  vascular  tissues,  of  the  vegetable  matter  in  question,  to 

kind  of  slime,  in  which  form  it  would  be  readily  mingled 
ith,  or  diffused  amongst,  strata  forming  at  the  time.  The 
irk  of  the  lepidodendroids  and  other  carboniferous  vegetation 
ppears  to  have  been  able  to  resist  these  solvent  actions  to  a 
^rge  extent.  In  the  case  of  the  Burdiehouse  Limestone,  for 
cample,  there  is  evidence  of  repeated  alternations  of  carbonate 
■  lime,  in  the  form  of  small  pellets  (whose  precipitation  is  due 
>  the  breaking  up  of  the  sulphate  of  lime  by  decomposing 
jgetable  matter)  and  layere  of  more  or  less  bituminous  marl, 
should  suppose  that  this  limestone  was  found  in  a  lagoon,  or 
jrhaps  in  a  series  of  lagoons,  in  which  the  water  became 
mcentrated,  sometimes  to  a  greater,  sometimes  to  a  lesser, 
[tent ;  and  that  at  inter\^als  the  quantity  of  vegetable  matter 
as  only  just  sufficient  to  bring  about  precipitation  of  the 
atters  in  solution ;  at  other  times  it  was  in  excess,  and  the 
Lscular  tissues  of  the  plants,  l^eing  dissolved  by  the  solutions 

the  sulphatei^,  passed  into  the  mucilaginous  condition,  and 

this  form  was  diffused  through,  or  became  interstratified 
ith,  the  chemically-formed  limestone. 

If  this  case  stood  alone  such  an  hypothesis  would  perhaps 
irdly  l3e  needed ;  but  that  is  by  no  means  the  case.  If  we 
lopt  this  explanation  of  the  origin  of  the  bitimiinoids  as  a 
Drking  hj^thesis  we  can  readily  pei-ceive  what  is  the  source 

the  bitumen  of  Judaea — it  simply  represents  the  vegetable 
atter  tmnsported  by  the  Jordan  into  the  Dead  Sea,  and  there 
ssolved  in  consequence  of  prolonged  maceration  in  water  con- 
ining  considerable  quantities  of  sulphates  in  solution. 
The  Pitch  of  Trinidad  also  appears  to  be  due  to  the  action 

solutions  of  sidphates,  which  have  risen  through,  and  have 
buminised,  a  subterranean  bed  of  peat. 

The  bitumens  of  Sicily  are  produced  in  essentially  the  same 
inner,  by  the  uprise  of  solutions  of  sulphates  through  deposits 
carbonaceous  matter. 

Lastly,  as  regards  the  oil  shales  of  the  Lothians,  I  hold  that 
ey,  too,  were  Ibnned  in  lagoons  of  the  old  Carboniferous  delta. 

is  quite  possible  that  in  many  cases  these  may  have  been 
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formed  in  connection  with  the  Carbonifeit)U8  volcanoes — though 
the  connection  is  by  no  means  a  necessary  one.  Into  these 
lagoons  (in  which  sea  water,  or  even  river  water,  was  under- 
going evaporation,  and  in  which  the  dissolved  salts  were 
gradually  concentrated)  were  swept  from  time  to  time  quantities 
of  the  same  vegetation  which  elsewhei-e  was  being  carried 
seaward  from  the  land  to  form  coal  seams.  Coming  into 
contact  with  water  containing  dissolved  sulphates,  much  of  tlie 
vascular  tissues  of  the  vegetable  matter  miderwent  solution, 
and  was  eventually  converted  into  mucilage,  in  which  form  it 
was  diifused  throughout  the  beds  of  laminated  clay  and  mud 
then  in  process  of  formation.  As  the  proportion  between  the 
saline  and  other  constituents  dissolved  in  the  water,  on  the  one 
hand,  and  the  vegetable  matter  swept  into  it,  on  the  other, 
varied  to  an  almost  infinite  extent,  corresponding  variations  in 
the  character  of  the  shales  were  exactly  what  might  l)e  expected. 
The  reciprocal  reactions  between  the  sulphate  of  lime  and 
the  v^etable  matter  gave  rise  to  the  precipitation  of  bands  of 
impure  and  often  ferruginous  or  dolomitic  limestone,  and  of 
nodular  masses  of  the  same.  Some  of  these  enclosed  more  or 
less  of  the  bituminous  compounds,  which  were  in  consequence 
left  sometimes  as  mineral  pitch,  sometimes  even  as  anthracite, 
in  the  septal  cracks  formed  in  these  nodules.  This  explanation 
readily  accounts  for  the  passc^e  of  the  oil  sliales  into  shales 
of  the  ordinary  type  in  one  direction,  or  into  caunel  or  even 
into  blackband  in  the  other,  and  also  for  their  association  witli 
septarian  nodules  of  clay  ironstone. 


Summaiy. — The  general  conclusion  to  be  drawn  from  these 
considerations  is  that,  while  some  hydrocarbons  are  undoubtedly 
produced  by  purely  inorganic  action  (e.g.,  the  anthracite  of  the 
Calton  Hill,  &c.)  and  some  by  process  of  distillation,  other 
hydrocarbons  allied  to  the  parafiFines  and  bituminoids  are  due 
to  organico-chemical  agency.  The  hydro-carbonaceous  matter 
of  one  set  of  these  may  represent  organic  matter  of  animal 
origin,  which  has  been  preserved  from  putrefaction  and  de- 
composition by  some  antiseptic  solutions,  whose  nature  is  at 
present  unknown.  Others,  and  these  the  majority,  it  is  liere 
su^ested,  may  be  due  to  vegetable  matter  being  swept  into 
closed  bodies  of  water  containing  a  higher  percentage  than 
usual  of  sulphates  in  solution,  which  sulphates  have  converted 
the  vascular  tissues  of  the  vegetable  matter  into  mucilaginous 
compounds.  These  have  been  incorporated,  as  fast  as  they  were 
formed,  with  the  mineral  sediments  in  process  of  formation  at 
the  bottom  of  the  lakes  or  lagoons,  and  have  thus  given  rise  to 
beds  of  oil  sliales. 
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XX. — Obitnury  Notice  of  Hugh  Miller.     By  J.  HoRNE, 
H.M.  Geological  Sun^ey  of  Scotland.     (Plate  TV.). 

(Read  19th  March  1896). 

The  obituary  of  January  contained  the  announcement  of  the 
death  of  Hugh  Miller,  younger  and  only  surviving  son  of  the 
illustrious  geologist,  whose  name  is  a  household  word  wherever 
the  English  language  is  spoken.  When  the  history  of  the  pro- 
gress of  Scottish  geology  comes  to  be  written,  his  distinguished 
father  will  rank  as  one  of  the  great  popular  exponents  of 
the  science  in  the  middle  of  this  century.  The  son  devoted  his 
time  and  talents  to  the  pursuit  of  the  science  which  the  genius 
of  the  father  surrounded  with  a  halo  of  romance.  It  is  due  to 
the  memory  of  our  former  colleague  and  fellow  of  this  Society 
that  we  should  recall  some  of  the  salient  features  of  the  work 
which  he  has  left  behind.  Though  his  record  has  been  suddenly 
broken,  it  was  his  wish,  had  he  been  spared  to  enjoy  longer  life 
and  more  robust  health,  to  have  developed  some  of  those  investi- 
gations in  which  he  took  part. 

Our  late  colleague  was  bom  in  Edinburgh  on  16th  July  1850, 
an  event  to  which  special  reference  is  made  by  his  father  in  a 
private  note.  The  author  of  his  father's  biography  has  deemed 
this  reference  worth  printing  on  account  of  the  autobiographic 
touch  respecting  the  father's  birth,  and  the  characteristically 
mournful  reflection  which  follows.  Hugh  Miller  wrote  that  his 
son  Hugh,  "  in  his  introduction  into  the  world  had  a  soi^e 
struggle  for  life,  and  in  pugilists'  phrase,  but  with  a  deeper  mean- 
ing than  theirs,  was  for  about  five  minutes  'deaf  to  tima' 
Accidents  can  scarce  be  hereditary,  but  my  mother  has  told  nie 
that  when  making  my  delmt  I  refused  to  breathe  for  a  still 
longer  period.  Were  all  the  future  known  to  the  little  entra^Us, 
such  refusals  would,  I  dare  say,  be  more  common  than  they  are, 
and  more  doggedly  persisted  in."  He  received  his  scientific 
education  at  the  Koyal  School  of  Mines,  to  which  he  was 
nominated  by  Sir  Roderick  Murchison,  on  account  of  his  father's 
important  contributions  to  the  science  of  geology. 

floining  the  staff  of  the  Geological  Survey  of  England  and 
Wales  on  26th  May  1874,  Mr  Miller  was  engaged  for  ten  years 
in  mapping  some  of  the  Carboniferous  tracts  of  the  English 
border,  under  the  supervision  of  Mr  H.  H.  Howell,  the  present 
Director  of  the  Geological  Survey  of  Great  Britain.     The  results 
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of  his  work  sabsequently  appeared  in  the  official  publications  of 
the  Survey.  His  memoir  on  "  The  Geology  of  the  Country 
around  Otterbum  and  Elsdon,"  published  in  1887,  is  an  illustra- 
tion of  his  careful  and  painstaking  method  of  exhausting  the 
evidence  within  the  area  assigned  to  him.  One  of  the  features 
of  this  memoir  is  the  frank  acknowledgment  of  the  work  done 
by  George  Tate  oi  Alnwick,  who,  between  1849  and  1868,  had 
laid  the  foundations  of  the  classification  of  the  Carbonifei-ous 
Limestone  series  on  the  south  side  of  the  border.  He  shows 
that  Tate's  classification  into  Tuedian,  Carbonaceous,  and  Cal- 
careous groups  applies  to  the  entire  Northumbrian  tyipe  of  the 
Carboniferous  Limestone,  including  Northumberland,  East  Cum- 
berland, and  Eskdale  and  Liddisdale  in  Scotland.  These  are 
the  main  divisions  adopted  in  the  memoir,  the  subordinate 
members  having  been  named  by  the  officers  of  the  Geological 
Survey.  Equally  noteworthy  is  his  method  of  stating  the 
evidence  in  proof  of  the  transport  of  land-ice  from  Dumfriesshire 
and  Gralloway  across  Northumberland,  and  his  sketch  of  the 
physical  history  of  the  district  and  the  development  of  its  con- 
figuration. This  official  memoir  is  the  most  valuable  contribu- 
tion which  Hugh  Miller  made  to  the  science.  His  researches 
in  the  north  of  England  led  to  a  paper  on  "  Tynedale  Escarp- 
ments," their  pre-glacial,  glacial,  and  post-glacial  features,  which 
appeared  in  the  Natural  History  Transactions  of  Northumber- 
land, Durham,  and  Newcastle-on-Tyne,  1880.  After  reviewing 
the  various  theories  of  the  formsition  of  escarpments,  he  pro- 
ceeded to  show  how  the  one  propounded  by  Hutton,  which 
attributed  these  features  to  atmospheric  waste,  adequately 
accounts  for  the  phenomena.  It  has  been  eloquently  advocated 
by  Playfair,  by  Ramsay,  by  A.  Geikie :  it  has  been  applied  by 
Foster  and  Topley  to  the  escarpments  of  the  Weald,  and  by 
Wliitaker  to  the  Chalk  and  Tertiary  escarpments.  Referring  to 
the  effects  of  the  Glacial  period  on  Tynedale  escarpments,  Mr 
Miller  states  that  all  the  facts  he  had  been  able  to  gather  tend 
to  show  that  these  features,  when  fully  developed  both  in 
*'Crag"  and  **Tail,"  have  suffered  but  little  from  Glaciation, 
but  upon  the  terrace-form  sculpturing  of  the  low  grounds  it 
told  heavily.  Terraces  consist  of  little  more  than  escarpment 
fronts,  and  as  the  fronts  have  been  rounded  over,  this  has  often 
meant  obliteration  to  the  terraces. 

In  1881  he  contributed  to  the  Transactions  of  the  Inverness 
Field  Club  a  paper  on  "  Coventina^s  Well  on  the  Roman  Wall 
of  Northumberland,"  in  which  he  gives  a  graphic  description  of 
that  massive  rampart,  with  its  camps,  castles,  and  watch-towers, 
regarding  it  as  a  monumental  testimony  to  the  bravery  of  the 
stubborn  Caledonians  and  other  tribes  whom  it  was  built  to 
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hold  in  check.  Mr  Miller  described  the  remains  of  the  camp 
Procolitia,  about  four  miles  west  of  where  the  wall  crosses  the 
river  North  Tyne,  on  one  side  of  which  occurred  a  well  dedicated 
to  an  unknown  goddess,  Coventina.  Here  were  found  thou- 
sands of  Boman  coins,  altars  to  the  goddess,  pottery,  busts  in 
bronze,  and  other  interesting  relics.  He  states  various  theories 
that  had  been  advanced  to  account  for  this  strange  deposit,  and 
came  to  the  conclusion  that  this  ancient  spring  was  regarded  by 
the  Bomans  as  a  water  goddess,  to  whom  homage  was  paid  by 
throwing  in  ofiFerings,  more  or  less  valuable,  according  to  the 
means  and  devotion  of  the  worshipper. 

On  the  completion  of  the  Geological  Map  of  England  and 
Wales,  Mr  Miller  was  transferred  to  the  Scottish  Branch  of  the 
Survey  in  1884,  and  from  Cromarty,  as  a  centre,  he  mapped  the 
Old  Bed  Sandstone  along  the  northern  border  of  the  Moray 
Firth.  It  was  at  first  a  source  of  great  gratification  to  him  that 
he  was  entrusted  with  the  survey  of  the  area  rendered  classic 
by  the  descriptions  of  his  father.  While  Ichthyology  has  made 
rapid  advances  since  the  appearance  of  "  The  Old  Bed  Sand- 
stone "  in  1841,  and  while  much  light  has  been  thrown  on  the 
zonal  distribution  of  fossil  fishes  in  this  formation  by  the  recent 
researches  of  Dr  Traquair,  it  was  a  pleasure  to  him  to  bear  testi- 
mony to  the  general  accuracy  of  his  father's  observations  on  the 
structure  of  the  district  round  Cromaiiy. 

In  1885  he  contributed  a  brief  note  to  the  Inverness  Field 
Club  on  "  The  Sutors  of  Cromarty—  a  chapter  on  Pre-glacial 
Geology,"  in  which  he  referred  to  the  origin  of  the  magnificent 
gateway  that  opens  through  the  side  of  the  precipitous  wall  of 
the  Black  Isle,  and  forms  the  entrance  to  the  Cromarty  Firth. 
Adopting  the  view  of  Sir  A.  Geikie,  that  it  had  been  the  work 
of  nmning  water,  Mr  Miller  proceeded  to  show  that  the  denuda- 
tion had  been  slowly  accomplished  by  means  of  the  rains,  rivers, 
frosts,  and  chemical  agencies  of  the  Tertiary  period.  The  Sutor 
gateway,  he  stated,  is  not  a  recent  breach  of  the  sea,  nor  yet  the 
work  of  the  great  ice-age,  but  a  chasm  formed  by  running  water 
during  the  Tertiary  age.  He  believed  that  the  stream  that  cut 
this  gateway  was  the  river  Conon,  which  drained  the  interior  of 
the  Boss-shire  Highlands,  and  ploughed  its  way  through  the 
sandstone  strata,  which  then  spread  to  a  much  greater  thick- 
ness on  the  lower  levels.  The  valley-track  of  the  ancient  river 
Conon  extended  outside  of  the  Sutors,  the  plain-tract  probably 
lying  along  what  is  now  the  Moray  Firth. 

During  his  holidays  in  successive  seasons  Mr  Miller  visited 
Norway,  for  the  purpose  of  studying  the  phenomena  associated 
with  those  conspicuous  terraces,  the  origin  of  which  has  given 
rise  to   much  discussion  among  Scandinavian  geologists.     A 
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very  brief  record  of  the  results  of  this  work  was  communicated 
to  the  Geological  Section  of  the  British  Association  at  Aberdeen 
in  1885,  entitled,  "  Some  results  of  a  detailed  survey  of  the  Old 
coast-lines  near  Trondhjem,  Norway."  I  believe  that  he  origin- 
ally intended  to  publish  these  results  in  greater  detail,  but,  so 
far  as  I  know,  the  abstract  in  the  Eeport  of  the  British  Associa- 
tion is  the  only  summary  of  his  investigations.  Some  of  his 
general  conclusions  are  as  follows : — (1)  These  terraces  are  all 
post-glacial,  that  is,  formed  subsequent  to  the  rock  glaciation  of 
the  district.  This  is  confirmed  by  the  condition  of  the  high 
coast  cliff,  which  has  been  cut  in  ice-bound  rock,  but  is  not  itself 
glaciated.  It  appears,  however,  from  the  fauna  of  the  raised 
shell  banks  of  the  country  (as  worked  out  by  Sars  and  Kjerulf), 
in  which  recent  shells  do  not  rise  above  380  feet,  that  the 
seas  of  the  upper  levels  were  still  glacial ;  and  though  the 
Trondhjem  Fjoixi  was  free  from  land  ice,  other  deeper  fjords 
and  higher  coasts  may  still  have  had  glaciers  entering  the 
sea^  and  producing  the  glaciated  rock  terraces  described  else- 
where by  Sexe.  All  the  evidence  obtained  discountenances 
Sexe's  view  that  these  rock  terraces  were  cut  out  by  glaciers, 
as  well  as  Carl  Petersen's,  that  they  were  rasped  out  by  floating 
ice  coasting  the  shores.  On  the  clay  terraces  coast-ice  has  left 
no  more  sign  of  its  presence  than  the  winter  freezing  of  our 
British  rivers  leaves  upon  our  river  terraces.  (2)  If  the  country 
was  raised  by  a  succession  of  elevatory  jerks,  as  supposed  by 
most  geologists  from  Keilhau  downw^ards,  most  of  these  would 
seem  to  have  been  small — much  smaller  than  is  supposed  by 
Kjerulf  (3)  The  preservation  or  excision  of  the  terraces  thus 
seems  to  depend  as  much  upon  local  circumstances — exposure 
to  storms,  resistance  of  coast  line,  etc. — as  upon  anything  else. 

To  the  Proceedings  of  the  Eoyal  Physical  Society  Mr  Miller 
contributed  two  papers — one  on  "  Eiver-terracing :  its  Methods 
and  Besults  "  ;  another  "  On  Boulder  Glaciation."  In  the  latter 
he  called  attention  to  the  presence  of  fluxion  structures  in 
boulder-clay,  due  to  the  differential  movement  of  the  materials. 

In  the  British  Association  Report  for  1887  there  appeared^ 
from  Mr  Miller's  pen,  a  brief  abstract  of  a  paper  "  On  a  Com- 
parative Study  of  the  Till  or  lower  Boulder-clay  in  several  of 
the  glaciated  countries  of  Europe — Britain,  Scandinavia,  Ger- 
many, Switzerland,  and  the  Pyrenees."  The  sections  of  foreign 
boulder-clay  examined  by  the  author  occur  chiefly  in  the  neigh- 
bourhood of  the  Trondhjem  Fjord  in  Norway,  at  Berlin  and 
Leipzic  in  Germany,  near  the  Lake  of  Geneva  in  Switzerland, 
and  in  the  valleys  of  the  Pyrenees  directly  south  from  Pan  in. 
Southern  France.  In  all  the  places  mentioned  (more  doubtfully 
at  Berlin  and  Leipsic)  it  beara  the  unmistakable  character  of  a 
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ground-moi'aiue  fonned  underneath  glacier  ice.  He  found  the 
glaciation  of  boulders  in  situ  to  be  a  crucial  distinction,  having 
readily  detected  "  the  striated  pavements  "  in  the  Tills  of  all  the 
districts  above  mentioned,  except  Leipzic  and  Berlin,  where  the 
boulder-clays  resemble  the  upper  boulder-clay  of  the  eastern 
sea-board  of  England  and  Scotland. 

While  vice-president  of  this  Society,  Mr  Miller  gave  an  address 
on  *'  Landscape  Geology,"  which  attracted  considerable  notice 
at  the  time.  The  chief  object  of  this  address,  which  was  charac- 
terised by  much  of  his  father's  literary  grace  and  imaginative 
force,  was  to  ask  the  question  whether  geology  has  not  at  least 
the  same  claim  to  the  attention  of  the  landscape  painter  as 
human  anatomy  by  general  usage,  if  not  by  general  consent,  ha& 
to  that  of  the  sculptor.  The  following  passage  fitly  illustrates 
his  style  and  method  of  viewing  the  question. 

"  There  is,  I  am  aware,  one  great  school  in  art  in  modern 
days,  for  which  it  seems  to  be  claimed  that  it^  at  least,  has  need 
of  no  help  from  science — whether  of  geology  or  any  other.  1 
refer  to  the  impressionist  school.  In  mountain-drawing,  for 
instance,  impressionism  presents  us  with  outline  and  form, 
height  and  mass  and  distance,  shadows  and  mist  and  snow  ; 
and  truly  it  might  seem  at  first  sight  as  if  artists  of  that  school 
have  learned  all  that  they  need  to  know.  We  are  told  that 
they  give  us  *  values,'  not  details.  I  do  not  insist  on  the  fact — 
true,  so  far  as  it  goes — that  the  snow-drifts  are  sliaped  by  the 
form  of  the  hollows,  and  the  mist  by  that  of  the  valley  and  the 
hillside.  But  it  does  seem  to  me  strange  if  men  should  propose 
to  attain  the  maximum  of  ideality  through  the  minimum  of 
knowledge.  I  am  aware  that  genius  delights  to  appear  to  set 
at  naught  all  rules ;  but  I  have  been  accustomed  to  think  that 
he  who  would  give  us  the  impression  without  the  detail  has 
need  most  of  all  to  gain  the  power  of  reading  the  eo^pression ; 
that  you  cannot  idealise  the  thing  you  are  ignorant  of — suc- 
ceeding at  best  (if  the  attempt  be  made)  in  putting  something 
else  in  its  place.  So  long  as  the  artist  is  willing  to  restrict 
himself  to  the  superficies  of  things,  his  eye  for  form  and  colour, 
for  effects  and  combinations  of  effects,  is,  perhaps,  enough  to 
serve  his  turn ;  but  the  moment  he  endeavours  to  give  us  real 
expression  of  character,  he  cannot,  surely,  do  without  some 
knowledge.  T  plead  even  with  him  for  some  judicious  study 
of  the  erdkunde  in  this  sense. 

"  The  great  message  of  geology  to  the  nineteenth  century  has 
already  been  delivered.  Little  more  than  fifty  years  ago  the 
horizon  of  ordinary  thinking  men  was  bounded,  as  if  by  a  wall, 
by  a  line  drawn  only  six  thousand  years  back  in  the  past  The 
widening  of  that  horizon  to  its  true  bounds  was  one  of  the 
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greatest  intellectual  achievements  of  the  century — perhaps  of 
4^11  time.  No  longer  hemmed  in  by  the  wall  of  Mosaic  chron- 
•ology — part  of  that '  wall  of  ordinances '  that  was  to  be  broken 
•down — we  can  lift  our  eyes  to  a  distance  so  extreme  that  we 
cannot  in  the  dimness  distinguish  land  from  cloud,  or  sea  from 
haze — the  mind's  eye  losing  itself,  wondering,  in  the  supreme 
firmament  of  God's  eternity.  I  would  fain  have  the  painter,  of 
whatever  school  he  may  be,  more  cognisant  of  that  distance,  as 
well  as  of  much  that  lies  nearer." 

In  the  course  of  his  official  duties  in  Scotland,  Mr  Miller 
traced  the  Old  Eed  Sandstone  from  the  shores  of  the  Moray 
Mrth  north-eastwards  to  Sutherland,  where,  in  recent  years,  in 
conjunction  with  some  of  his  colleagues,  he  has  mapped  some 
of  the  older  Crystalline  rocks.  In  the  eastern  part  of  this 
country  the  Crystalline  schists  are  traversed  by  broad  belts  and 
veins  of  foliated  granite,  some  of  which  seem  to  have  been 
intruded,  after  the  manner  described  by  the  French  petrographer, 
Jlichel  Levy,  as  lit  par  lit  injections.  From  evidence  obtained 
1f)y  him,  he  was  led  to  believe  that  the  structures  in  the  granites 
and  granitic  gneisses  are  to  a  large  extent  imitation  structures, 
4ue  to  the  simulation  of  the  form  and  structural  features  of  the 
country  rock  (the  Eastern  schists)  by  granites,  that  by  some 
^eans  have  crept  into  their  place.  He  beh'eved  that  the 
process  by  which  this  replacement  has  been  effected  has 
been,  to  a  considerable  extent,  a  development  of  crystalline 
matter  among  the  granulitic  materials  of  the  pre-existing  schists 
and  quartzites.  While  prosecuting  these  researches  at  Lairg 
towards  the  close  of  1895,  he  was  prostrated  with  typhoid 
fever,  which  eventually  led  to  the  sudden  termination  of  his 
tjareer. 

Before  closing  this  brief  sketch  of  Mr  Miller's  career,  it  is  due 
to  his  memory  to  refer  to  his  protracted  sufferings  from  insomnia, 
which  doubtless  prevented  him  from  overtaking  work  that  he 
wished  to  accomplish.  Be  that  as  it  may,  all  who  knew  him 
well  will  readily  admit  that  behind  his  somewhat  reserved 
temperament  there  beat  a  kindly  heart,  that  cherished  with 
affectionate  reverence  the  memory  of  what  was  bravest  and 
best  in  the  life  of  his  illustrious  father. 

The  following  is  a  list  of JHugh  Miller's  writings : — 

1880.  Tynedale  Escarpments,  their  Pre-glacial,  Glacial,  and 

Post-glacial  Features.     Nat.   Hist.  Trans.  Northum- 
berland, Durham,  and  Newcastle. 

1881.  Coventina's  Well  on  the  Eoman  Wall  of  Northumber- 

land.    Trans.  Inverness  Field  Club. 
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1883.  Eiver  Terracing,  its  methods  and  their  results.     Proc. 

Eoy.  Phys.  See.  Edin.,  Vol.  VII.  p.  263. 

1884.  Article  Northumberland.     Physical    description.     En- 

cyclopsedia  Britannica. 

1884.  On  Boulder  Glaciation.     Proc.  Eoy.  Phys.  Soc.  Edin., 

Vol.  VIII.  p.  156. 

1885.  On  the  Geology  of  Silloth  Dock.     Proc.  Eoy.  Phya.  Soc. 

Edin.,Vol.  VIII.  p.  338. 
1885.     The  Sutors    of   Cromarty — a    chapter    in    pre-glacial 
geology.     Trans.  Inverness  Field  Club. 

1885.  Some  results  of  a  detailed  survey  of  the  old  coast  lines  near 

Trondhjem  in  Norway.     Eep.  Brit.  Ass.  Trans.  Sect 

1886.  On  the  Classification  of  the  Carboniferous  Limestone 

series.  Northumberland  Type.  Eep.  Brit  Ass. 
Trans.  Sect.  pp.  674-676,  and  Proc.  Berw.  Nat.  Field 
Club. 

1887.  Memoir  on  the  Geology  of  the  Country  round  Otter- 

burn  and  Elsdon,  being  explanation  of  Quarter  Sheet, 
108  S.E.     (New  series  8.) 

1887.  On  a  comparative  study  of  the  Till  or  Lower  Boulder 
Clay  in  several  of  the  glaciated  countries  of  Europe, 
Britain,  Scandinavia,  Germany,  Switzerland,  and  the 
Pyrenees.    Eep.  Brit  Ass.  Trans.  Sect 

1890.  Landscape  Geology :  a  plea  for  the  study  of  Geology  by 
Landscape-Painters.  Anniversaiy  Address  as  Vice- 
President  of  the  Edin.  Geol.  Soc.  Trans.,  Vol.  VL 
p.  129. 

1890.  On  an  Exhalation  of  Gases,  under  singular  circum- 
stances, from  a  Bog  near  Strathpeflfer.  Proc.  Eoy. 
Phys.  Soc.  Edin.,  Vol.  X.  p.  224. 

1890.  Notice  of  the  Discovery  of  a  Hoard  of  Silver  Armlets 
and  Coins  at  Tarbat  Proc.  Soc.  Antiq.  Scot,  VoL 
XXIII.  p.  314. 

1890.  Notice  of  Fragments  of  Two  Sculptured  Stones  of  Celtic 
workmanship  found  at  Tarbat,  Easter  Eoss.  Ibid.^ 
p.  435. 

1896.    Dream  of  Mr  H.,  the  Herbalist 
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XXI. — On  {he  Calton  Hill  and  its  rdcUion  to  the  Socks  in  the 
Neighbourhood,    By  John  Henderson,  Vice-President, 

(Read  20th  February  1896.) 

My  original  intention  was  merely  to  bring  before  the  notice  of 
the  Society  a  small  section  recently  exposed  in  making  a  drain 
at  the  Low  Calton,  where  the  lowest  portion  of  the  traps  of  the 
Calton  Hill  was  exposed,  but  seeing  that  a  good  deal  of  interest 
is  centred  on  the  hill  at  present  owing  to  the  making  of  the 
tiinnel  and  other  alterations  going  on  in  connection  with  the 
North  British  Bailway,  I  have  taken  the  liberty  of  calling 
attention  to  a  few  facts  and  theories  connected  with  the  hill. 

The  Calton  Hill  has  not  received  so  much  attention  from 
geologists  as  its  larger  neighbour,  Arthur's  Seat.  This  is  no 
doubt  due  to  the  fact  that  its  structure  is  much  simpler  than 
that  complicated  and  puzzling  series  of  rocks  included  in  the 
Queen's  Park.  Still  a  number  of  well-known  geologists  have 
described  its  structure,  and  others  have  noted  the  minerals 
connected  with  it.  Cunningham,  in  his  "Geology  of  Mid- 
lothian," describes  the  rocks  of  the  Calton  Hill  as  a  series  of 
traptuffs  and  porphyries  dipping  to  the  east,  and  he  seems  to- 
have  considered  them  all  intrusive.  He  also  mentions  certain 
sandstone  strata  dipping  under  the  traps  of  the  hill  that  were 
exposed  in  excavations  made  for  the  foundations  of  the  Waterloo 
Bridge.  He  likewise  calls  attention  to  the  stratified  beds  that 
overUe  the  strap  at  the  eastern  end  of  the  hilL  Maclaren,  in 
his  "  Geology  of  Fife  and  the  Lothians,"  gives  a  description 
along  with  a  diagram  of  the  Calton  Hill,  which,  he  explains, 
was  mostly  taken  from  a  paper  by  a  Mr  Webster,  a  pupil  of 
Professor  Jamieson.  He  describes  five  beds  of  traptuffs  and 
porphjnry  as  forming  the  body  of  the  hill,  and  shows  them  in 
the  diagram  dipping  at  a  high  angle  to  the  east,  and  overlaid 
by  a  series  of  stratified  beds,  also  dipping  east.  In  the  "Memoir 
of  the  Greological  Survey  for  Midlothian"  the  Calton  Hill  is 
also  described,  but  in  a  more  detailed  and  perfect  manner  than 
had  been  done  in  any  previous  work.  In  it  fifteen  beds  are 
enumerated  as  constituting  the  trap  rocks  of  the  hilL  These 
are  described  as  consisting  of  alternating  beds  of  basalt,  felstone, 
felspathic  ash,  porphyries,  felsite  porphyries,  amygdaloidal 
felsites,  stratified  ash,  &c.  In  this  memoir  a  new  and  most 
important  idea  is  brought  out  in  connection  with  the  geological 
history  of  the  Calton  Hill — viz.,  that  it  is  a  portion  of  the  northern 
end  of  the  volcanic  rocks  of  Arthur's  Seat  brought  into  their 
present  position  in  the  Calton  Hill  by  a  fault.  That  a  fault 
exists  extending  from  the  Castle  along  the  south  front  of  the 
Calton  Hill  and  on  towards  the  northern  side  of  Arthur's  Seat 
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there  can  be  little  doubt.  It  was  first  suggested  by  Maclaren, 
as  far  as  I  am  aware,  to  account  for  the  differences  in  appear- 
ance and  position  of  the  rocks  underlying  the  Old  Town  and 
the  New.  The  strata  that  underlie  the  Old  Town  from  the 
Castle  to  Holyrood  consist  of  a  series  of  brown,  grey,  and 
greenish  shales  and  thin  bedded  sandstones,  dipping  east-north- 
east. These  beds,  if  prolonged  in  their  line,  strike  northward, 
and  if  not  interrupted  by  a  fault  ought  to  be  found  underlying  all 
the  New  Town,  from  the  west  end  of  Princes  Street  to  the  east 
end  of  the  Calton  Hill ;  but,  instead,  we  find  from  the  west  end 
of  Princes  Street  to  St  Andrew  Street  a  very  different  set  of 
rocks  dipping  west-north-west.  From  St  Andrew  Street  eastr 
ward  the  strata  gradually  arch  over  and  dip  to  the  east,  show- 
ing an  anticlinal  bend  between  St  Andrew  Street  and  the 
Calton  HilL  This  easterly  dip  continues  through  all  the  rocks 
of  the  Calton  Hill,  and  as  far  east  as  Lochend.  But  although 
this  easterly  dip  coincides  with  the  dip  of  the  rocks  on  the 
south  side  of  the  town,  yet  none  of  the  beds  are  prolonged  un- 
broken from  the  one  side  to  the  other.  For  instance,  if  the 
rocks  of  the  Calton  Hill  extended  in  their  line  of  strike  south- 
ward, they  ought  to  be  found  all  the  way  down  the  Canongate ; 
but  instead  of  the  traps  of  that  hill  we  find  only  the  sedi- 
mentary beds  already  mentioned  as  occurring  between  the 
Castle  and  Holyrood,  all  evidence  going  to  prove  the  existence 
of  a  fault  between  the  Old  and  New  Town.  The  fault,  as 
figured  in  Maclaren's  diagram,  extended  in  a  straight  line  from 
the  north  side  of  the  Castle  rock  along  the  south  side  of  the 
Calton  Hill.  In  the  map  of  the  geological  survey  the  fault  is 
extended  eastward  in  a  nearly  straight  line  along  the  north 
side  of  the  Queen's  Park  to  Eestalrig.  This  extension  of  the 
fault  eastward  is  put  in,  I  expect,  to  explain  the  theory  of  the 
Calton  Hill  being  a  portion  of  the  north  end  of  Arthur's  Seat, 
as  its  present  position,  nearly  a  mile  to  the  west,  could  only  be 
accounted  for  by  a  downthrow  of  the  rocks  to  the  north  with 
their  easterly  dip.  Of  late  I  think  I  have  been  able  to  prove 
this  extension  of  the  fault  eastward,  although  not  in  the  same 
line  as  laid  down  in  the  Survey  Map.  In  the  year  1887  I  read 
a  paper  before  this  Society  on  sections  exposed  in  making  a 
drain  through  the  Queen's  Park  at  Holyrood.  In  that  paper  I 
mentioned  that  a  portion  of  the  excavations  were  carried 
through  the  parade-ground  to  the  east  of  Holyrood  Palace 
grounds,  where  beds  of  brown,  blue,  and  greenish  shale,  dipping 
north-east,  were  exposed,  and  at  the  south-east  corner  of  the 
Palace  gardens  beds  of  black  shaJe  were  cut  into  containing 
abundance  of  entomostraca  and  fish  remains  of  well-known 
carboniferous  species.      Those  black  shales  were  exposed  to 
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within  a  few  feet  of  the  whinstorie  of  Salisbury  Crags.  The 
occurrence  of  black  shales  with  the  fish  remains  and  entomo- 
straca,  so  like  those  of  the  Wardie  and  Granton  series,  surprised 
me  at  the  time,  as,  if  continued  in  their  line  of  strike  south- 
eastward, they  ought  to  be  found  immediately  on  the  back  of 
the  whinstone  of  the  Crag,  but  we  know  that  a  very  diflferent 
set  of  beds  overlie  the  Crag  at  this  place.  At  the  time  the 
excavations  were  going  on  I  watched  to  see  if  any  portion  of 
the  whin  of  the  Crag  would  be  exposed,  but  where  it  ought  to 
have  been  met  with  the  workmen  came  upon  a  great  depth  of 
loose  watery  sand,  indicating  that  the  Ci-ag  was  truncated  here. 
The  conclusion  I  arrived  at  was  that  a  faiilt  existed  here  which 
had  brought  down  a  higher  set  of  sandstones  and  shales  against 
the  rocks  of  Arthur's  Seat.  Now  the  question  is,  are  there  two 
faults  running  in  the  same  direction — viz.,  the  one  laid  down  on 
the  Survey  Map  extending  from  the  south  face  of  the  Calton 
Hill  to  Eestalrig,  and  tins  one  running  along  the  north-west 
portion  of  Arthur  Seat  ?  I  am  inclined  to  think  that  the  line 
of  fault  marked  on  the  geological  survey  map  is  carried  too 
far  north,,  and  that  the  great  fault  that  has  brought  the  rocks 
of  the  Calton  Hill  into  their  present  position  passes  from  the 
south  face  of  that  liill  to  the  north  end  of  Salisbury  Crags,  and 
in  a  north-easterly  direction  towards  Eestalrig,  and  I  will  give 
one  or  two  reasons  for  thinking  so.  A  number  of  years  ago  a 
iwre  was  put  down  for  water  in  Mr  Eobert  Younger*8  brewery 
at  Abbeyhill.  The  bore  was  made  with  the  diamond  drill, 
which  brought  up  a  nearly  complete  section  of  the  rocks  passed 
through  in  the  shape  of  a  core  about  6  inches  in  diameter. 
The  first  beds  passed  through  in  this  boring  were  of  brown,  grey, 
and  greenish  sandy  shales,  and  one  or  two  beds  of  black  shale 
with  entomostraca  and  fish  remains  nearly  identical  with  those 
found  in  the  section  at  the  north  end  of  Salisbury  Crags.  Now 
if  the  beds  exposed  in  the  Queen's  Park  were  extended  in  their 
line  of  strike  to  the  north-west  they  would  pass  over  the  ground 
where  the  bore  was  put  down.  And  in  that  case  the  beds 
exposed  in  the  parade  ground  would  represent  the  beds  that 
pverlie  the  traps,  conglomerates,  and  ash  beds  of  the  Calton  Hill 
passed  through  in  the  Abbeyhill  bore,  but  if  the  fault  as  marked 
in  the  Survey  Map  was  correct  this  could  not  be,  for  the  beds  of 
the  Arthur  Seat  series  would  extend  northwards  to  the  north 
side  of  Holyrood  and  join  the  Abbeyhill  beds  there.  Other 
evidence  that  the  fault  passes  to  the  south  of  Holyrood  instead 
of  the  north  is  to  be  found  in  the  Abbey  Brewery  at  the  foot  of 
the  South  Back  of  Canongate.  Evidence  of  a  great  fault  has 
been  met  with  in  the  mines  and  wells  there  that  have  been  made 
for  water,  and  at  Brown's  Close,  near  the  foot  of  the  Canongate, 
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on  the  north  side,  porphyritic  rock  was  exposed  a  number  of 
years  ago,  which  Rhind  considered  a  portion  of  the  beds  of  the 
Calton  Hill.  That  the  Calton  Hill  is  a  portion  of  the  northern 
end  of  the  volcanic  rocks  of  Arthur's  Seat,  brought  into  their 
present  position  by  a  fault,  I  think  there  can  be  little  doubt 
To  look  at  the  position  of  the  Calton  Hill,  lying  about  a  mile 
west  from  the  set  of  beds  from  which  they  are  supposed  to  have 
been  derived,  we  are  apt  to  think  it  had  got  a  great  thrust  to 
the  west.  But  when  the  faulting  took  place  the  igneous  and 
sedimentary  beds  of  Arthur's  Seat  must  have  extended  as  far 
west,  at  least,  as  where  the  Calton  Hill  now  stands,  and  having 
the  same  easterly  dip  we  can  see  that  a  downthrow  to  the 
north  and  a  denudation  of  the  southern  portion  would  bring 
the  igneous  rocks  of  the  two  hills  into  their  present  position. 
The  extent  of  the  fault  might  be  roughly  estimated  by  taking 
the  dip  15^  and  the  distance  nearly  a  mile ;  this  would  give  a 
downthrow  or  upheaval  in  the  fault  at  this  place  of  about  120() 
feet.  Coming  now  to  farther  proofs  of  the  origin  of  the  Calton 
Hill,  it  was  pointed  out  by  Sir  Archibald  Geikie,  who  had 
done  the  work  of  the  survey  in  this  district  when  the  memoir 
was  published,  that  the  lowest  beds  of  the  Calton  Hill  closely 
resembled  the  rock  to  the  east  of  St  Anthony's  Chapel,  known 
as  St  Anthony's  Crag.  I  may  say  I  have  got  a  little  farther 
proof  of  this  in  a  section  lately  opened  at  the  Low  Calton. 
Here  a  portion  of  the  lowest  beds  yet  seen  of  the  traps  of  the 
Hill  was  exposed.  The  rock  is  a  remarkable  looking  basalt, 
containing  cavities  filled  with  crystals  and  other  varieties  of 
quartz,  along  with  dogtooth  spar  and  other  forms  of  calcite  and 
masses  of  jasper.  And  in  examining  the  rock  of  St  Anthony's 
Crag  I  found  pieces  of  jasper  in  the  rock  of  the  same  character 
as  those  found  at  the  Low  Calton,  and  I  have  not  been  able  to 
find  jasper  in  the  same  condition  in  any  of  the  other  beds  either 
in  Arthur's  Seat  or  the  Calton  Hill.  The  other  minerals  found 
in  the  cutting  at  Low  Calton  I  have  also  found  in  St  Anthony's 
Crag  but  not  in  such  abundance.  In  making  the  new  road 
for  the  north  back  of  the  Canongate  a  fine  section  of  nearly  all 
the  lowest  beds  of  the  Calton  Hill  is  exposed,  showing  a  series 
of  basalts,  traptuffs,  felsites,  and  felsite  porphyries,  but  to 
separate  the  beds  of  the  hill  in  detail  at  this  place  I  would  not 
attempt.  They  get  more  porphyritic  as  they  rise  in  the  series, 
and  the  highest  become  both  amygdaloidal  and  conglomeratic. 
This  was  proved  by  the  deepest  part  of  the  bore  in  the  brewery 
at  Abbeyhill,  details  of  which  I  gave  in  a  paper  before  the 
Society  some  years  ago.  The  lowest  bed  of  trap  yet  observed 
is  the  one  T  have  already  mentioned  as  exposed  in  the  cutting 
for  the  drain  at  the  Low  Calton,  and  at  the  south  end  of  the 
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•cutting  brown  shales  were  exposed  dipping  in  towards  the  trap, 
but  whether  they  passed  under  the  trap  or  not  I  could  not  say. 
If  the  beds  of  the  Calton  Hill  are  a  portion  of  the  rocks  of 
Arthur  Seat  from  St  Anthony's  Chapel  eastward,  then  the 
rocks  that  underlie  those  beds  and  extend  westward  in  Arthur's 
Seat  ought  to  be  found  to  the  west  of  the  Calton  HilL  These 
lYould  include  the  traps  that  underlie  St  Anthony's  Chapel, 
And  the  rock  known  as  the  Longrow  and  the  Bog  Craig,  and  all 
the  sedimentary  bed  that  lie  between  these  and  Salisbury  Crags, 
Along  with  that  Crag,  and  in  fact  all  the  beds  that  underlie  the  Old 
Town  as  far  west  as  the  Castle.  Now  to  the  west  of  the  Calton  Hill 
we  find  a  very  different  set  of  beds.  Cunningham,  in  his  "  Geology 
of  the  Lothians,"  mentions  sandstones  being  exposed  in  excavating 
for  the  foundations  of  the  Waterloo  Bridge  as  apparently  dipping 
under  the  trap,  and  thick-bedded  sandstones  are  at  present  ex- 
posed, lying  nearly  horizontal  at  the  north  end  of  the  North 
Bridge.  From  there,  westward,  the  beds  gradually  take  a  westerly 
and  north-westerly  dip  throughout  all  the  New  Town,  showing 
that  an  anticline  bend  exists  between  the  Calton  and  St  Andrew 
Squara  Such  being  the  case,  if  no  other  fault  or  interruption 
occurs,  we  might  expect  that  all  the  beds  of  the  Calton  Hill 
would  be  repeated  to  the  west  of  St  Andrew  Square,  but  no 
such  beds  occur  there.  The  beds  that  underlie  the  New  Town 
consist  of  brown,  grey,  and  black  shales  with  thick  and  thin 
l)edded  grey  [sandstones,  mostly  belonging  to  the  Wardie  and 
Oranton  series.  Throughout  these  several  vertical  dykes  of  intru- 
sive greenstone  occur,  but  no  bedded  contemporaneous  traps  like 
those  of  the  Calton  Hill  and  Arthur  Seat  exist  in  the  district. 
Now  we  have  a  different  set  of  rocks  and  a  different  set  of  con- 
<litions  lying  to  the  west  of  the  Calton  Hill  than  that  lying  to 
the  west  of  Arthur  Seat,  and  we  can  only  attempt  to  explain  this 
by  introducing  another  fault  lying  somewhere  between  the  east 
end  of  Princes  Street  and  the  west  face  of  the  Calton  Hill 
running  in  a  northerly  direction,  and  with  a  downthrow  to  the 
west,  bringing  the  lower  beds  of  the  Granton  series  to  a  level 
with  the  traps  of  the  Calton  Hill  or  middle  portion  of  the  beds 
of  Arthur  Seat.  In  studying  the  various  phenomena  we  cannot 
help  wondering  and  speculating  on  the  enormous  changes  the 
rocks  of  the  neighbourhood  have^been  subjected  to  since  the  early 
part  of  the  lower  carbonifeious  period.  First  we  have  that 
extensive  series  of  reddish  sandstones,  grits,  and  conglomerates 
with  brown,  grey,  and  greenish  shales  that  extend  all  over  the 
south  side  of  the  town  2000  or  3000  feet  in  vertical  thickness. 
Then  these  were  interrupted  by  intrusions  and  outflows  of 
igneous  rocks  only,  portions  of  which  can  now  be  seen  in  Arthur 
Seat  and  the  Calton  Hill.    The  contemporaneous  volcanic  rocks 
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of  these  hills  I  consider  were  mostly  produced  under  submarine- 
conditions,  judging  from  the  number  of  sedimentary  beds  of 
ashy  matter  found  among  them,  notably  the  bed  of  stratified 
ash,  with  both  fish  and  plant  remains,  seen  under  the  basalt  of  St 
Anthony's  ChapeL  Then  we  can  trace  a  gradual  dying  out  of  these 
volcanic  conditions,  as  is  shown  by  the  boring  operations  in  the 
brewery  at  Abbeyhill,  where  the  felsites,  felspathic  ash,  por- 
phyries, and  conglomerates  gradually  get  overlaid  by  finer 
sandstones  and  shales  of  the  Granton  and  Wardie  series.  It 
must  have  been  after  all  the  lower  carboniferous  rocks  had  been 
deposited,  and  even  after  all  the  carboniferous  limestone  and 
edgecoal  series  of  the  neighbourhood  had  been  laid  down,  that 
the  great  faulting  took  place  that  threw  up  the  Pentland  ridge^ 
and  the  rocks  of  Arthur  Seat,  or  threw  down  the  rocks  on  each 
side  of  that  ridge,  as  the  two  great  faults  that  flank  the  Pent-^ 
lands  on  each  side  show.  One  fault,  extending  from  the  Carlops. 
to  the  sea  at  Portobello,  has  brought  down  the  carboniferous, 
limestones  of  Gilmerton  against  the  lowest  beds  of  the  lower 
carboniferous  at  Craigmillar  and  Liberton,  and  must  have  had  a 
downthrow  in  that  district  of  8000  or  9000  feet,  as  it  has  cut  off  all 
the  lower  carboniferous  rocks,  and  all  the  carboniferous  rocks  to 
the  south-east  of  this  fault  are  tilted  at  a  very  high  angle  along 
the  line  of  fault  with  an  easterly  dip.  The  fault  on  the  north- 
west side  can  be  traced  from  Currie  down  the  Water  of  Leith  to 
Colinton,  and  from  there  to  the  west  side  of  Craiglockhart  Hill 
and  on  to  the  north  side  of  the  Castle  rock  and  south  side  of 
the  Calton  Hill,  and  from  there  to  the  north-west  side  of  Arthur 
Seat.  Though  not  so  great  or  so  extensive  as  the  one  that 
flanks  the  Pentlands  on  their  south-east  side,  it  is  still  a  con- 
siderable fault  Its  greatest  downthrow,  as  far  as  I  can  make  out,, 
is  somewhere  about  Craiglockhart.  At  the  cutting  made  for 
the  Suburban  Eailway  to  the  north  of  that  hill,  shales  belonging 
to  the  upper  beds  of  the  Granton  series  can  be  seen  lying  at  a 
very  high  angle  against  the  red  sandstones  of  the  lowest  beds, 
of  the  lower  carboniferous,  showing  a  downthrow  here  of  at 
least  3000  feet.  A  finer  example  of  a  fault  seen  in  open 
section  could  not  easily  be  found.  The  effect  of  these  faults^ 
at  whatever  period  they  took  place,  would  be  to  elevate  a  great 
ridge  of  land  between  the  two  great  faults,  including  the  Pent- 
land  Hills  and  all  the  district  lying  between  there  and  Arthur 
Seat,  also  that  hill  and  the  district  lying  further  north  several 
thousands  of  feet  above  the  land  on  each  side  of  it,  and  bending 
the  strata  into  synclines  and  anticlines.  After  the  fault- 
iugs,  bending,  and  tilting  of  the  strata  had  taken  place,  enormous 
denudation  set  in,  reducing  all  those  great  inequalities  to  the 
condition  we  now  find  the  district  in. 
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XXII. — On  the  Relation  of  Valley  Moraines  to  Underlying  Strata 
in  Coulin  Forest,  Ross-shire,  By  J.  Horne,  H.M.  Geo-- 
logical  Survey  of  Scotland,  President.  By  permission  of  the 
Director-General. 

(Read  20th.  Febroary  1896.) 

In  the  course  of  my  official  work  in  Coulin  Forest  to  the  south 
of  Loch  Maree,  I  obsen-ed  rather  an  interesting  feature,  bearing 
on  the  relation  of  valley  moraines  to  the  underlying  strata.  The 
evidence  there  obtained,  seems  to  lead  to  the  conclusion  that  the 
nature  of  the  morainic  materials  varies  according  to  the  char- 
acter of  the  rocks  over  which  the  glaciers  moved.  Glacialists 
have  long  been  familiar  with  the  fact,  that,  in  the  case  of 
l)oulder-clay,  which  is  regarded  by  most  geologists  as  a  product 
of  land-ice,  there  is  a  constant  relation  between  the  stones  and 
matrix  of  that  deposit  and  the  rocky  floor  ti-aversed  by  the  ice 
sheet  As  a  rule  we  find  that  the  colour  and  nature  of  the 
matrix,  as  well  as  the  lithological  characters  of  the  included 
stones,  are  mainly  determined  by  the  local  rock-formation. 
There  is  doubtless  a  small  percentage  of  the  blocks  which  have 
l)een  transported  from  a  distance,  but  the  majority  of  them  are  of 
local  origin.  These  phenomena  are  just  what  might  be  expected 
on  theoretical  grounds,  if  we  suppose  that  boulder-clay  is  a  true 
ground-moraine  which  has  accumulated  underneath  the  ice  and 
has  been  driven  forwards  by  the  pressure  of  the  advancing  mass- 
When,  however,  we  turn  to  surface  moraines,  lateral  and 
tenninal,  the  phenomena  are  somewhat  different.  Those 
morainic  deposits  which  have  been  borne  downwards  on  the  sur- 
face of  a  glacier  have  been  mainly  influenced  by  the  character 
of  the  rock-formations  on  the  sides  of  the  valley.  It  follows 
also  from  the  method  of  transport  on  the  surface  of  a  glacier 
that  morainic  materials  do  not  show  the  same  evidence  of  having 
been  subjected  to  a  process  of  abrasion  as  the  constituents  of 
boulder-clay. ,  Striated  stones  are  rare,  and  the  moraines  consist 
of  loose  debris  and  sand  with  sub-angular  stones. 

In  the  case  of  the  moraines  in  a  particular  area  in  Coulin 
Forest,  my  attention  was  at  once  arrested  by  the  rapid  change 
in  the  character  of  the  included  blocks  after  crossing  boundary 
lines  between  different  rock-formations.  Before  proceeding  to 
(leacribe  some  of  the  instances  which  came  under  my  notice, 
brief  references  may  be  made  to  the  physical  features,  geological 
structure,  and  glaciation  of  the  region  under  review. 
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That  portion  of  the  Coulin  Forest  to  which  I  wish  more 
particularly  to  refer  lies  from  five  to  six  miles  to  the  SSW.  of 
Kinlochewe.  It  is  drained  by  the  tributaries  of  the  Coulin 
Siver,  which  flows  northwards  to  Kinlochewe  and  thence  to 
Loch  Maree.  One  of  the  striking  physical  features  of  that 
region,  is  Sgurr  Dubh  which  rises  to  a  height  of  2566  feet, 
remarkable  alike  for  its  geological  features  and  for  the  evidence 
of  glaciation  on  the  crest  of  the  mountain.  From  this  peak 
southwards  to  Ben  liath  Beag  there  is  an  important  water-shed 
above  the  2000  feet  level,  the  eastern  slope  of  which  is  drained 
hy  Allt  na  Luib — a  tributary  of  Loch  Clare. 

This  area  lies  wholly  within  the  region  affected  by  the  post- 
Cambrian  terrestrial  movements,  and  consists  of  sub-parallel 
l)elts  of  Torridon  and  Cambrian  strata  repeated  by  folds  and 
reversed  faults  lying  to  the  west  of  the  great  Thrust-plane  that 
stretches  southwards  from  Glen  Logan  by  Coulin  Lodge  and 
Cnoc  Daimh  to  Achnashellach.  By  means  of  stream  sections 
and  rock  exposures  on  the  plateau  to  the  east  of  the  foregoing 
water-shed,  it  is  possible  to  fix  with  precision  the  boundary  lines 
between  the  Torridon  and  Cambrian  strata. 

Before  the  advent  of  the  local  glaciers  that  pToduced  the 
moraines  on  the  eastern  slopes  of  the  Coulin  Forest,  there  is 
clear  evidence  for  maintaining  that  even  the  loftiest  peaks  of 
that  region  were  overflowed  by  the  ice  during  the  climax  of 
glacial  cold.  Within  a  short  distance  of  the  cairn  on  the  crest 
of  Sgurr  Dubh,  at  a  height  of  about  2500  feet,  striae  were 
observed  pointing  a  few  degrees  north  of  west,  and  numerous 
instances  were  noted  with  a  similar  trend  at  an  elevation  of 
2250  feet.  In  like  manner  along  the  water-shed,  southwards  to 
Ben  Liath  Beag,  the  ice  markings  point  from  WNW.  to  W., 
and  in  some  instances  on  the  plateau  east  of  the  water-shed  fine 
cross-hatches  may  be  noted  indicating  movements  at  successive 
periods ;  the  older  set  trending  W.  30'-35°  K  and  the  newer  set 
from  E.  40"  N.  to  N.  43"  E.  My  colleague,  Mr  Hinxman,  has 
found  striee  at  greater  elevations  in  West  Eoss-shire  than  any 
recorded  in  the  Coulin  Forest 

In  one  of  the  streams  in  Coulin  Forest — viz.,  the  east  branch  of 
Allt  na  Luib,  there  are  fine  sections  of  true  boulder  clay  under- 
lying the  later  moraines.  It  consists  of  stiff,  stony  clay,  with 
well  striated  stones,  which,  though  resting  on  Cambrian  strata, 
contains  blocks  of  Eastern  schists,  thrust  Lewisian  gneiss,  and 
displaced  Torridon  flags  and  sandstones.  Indeed,  the  diflference 
between  the  products  of  the  earlier  and  later  glaciations  is  very 
marked  at  that  locality.  The  occurrence  of  boulder  clay,  how- 
ever, is  quite  exceptional  in  the  area  under  review.  In  general 
the  moraines  rest  directly  on  the  underlying  rocks. 
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Proceeding  westwards  to  the  west  branch  of  Allt  na  Luib,  the 
Txelation  between  the  morainic  materials  and  the  underlying 
.strata  is  admirably  exposed.  The  hill  slope  is  strewn  with 
moraines,  arranged  in  conical  heaps  and  ridges,  composed  of 
loose  debris  and  sand  with  sub-angular  stones,  produced  by 
.-glaciers  moving  north-eastwards  to  Loch  Clare.  Several  promi- 
nent structural  lines  cross  this  area  in  a  north-east  and  south- 
west direction,  marking  the  limits  of  the  Torridon  and  Cambrian 
formations.  In  each  case  I  observed  that  the  included  blocks 
in  the  moraine  mounds  vary  according  to  the  nature  of  the  sub- 
jacent rocks.  When  the  latter  consist  of  Torridon  sandstone,  the 
morainic  materials  are  composed  chiefly  of  Torridon  debris ;  and 
a  similar  relation  is  observable  when  the  rocky  floor  is  paved 
with  Cambrian  strata.  These  phenomena  seem  to  me  to  point 
to  the  conclusion  that  the  materials  of  these  valley  moraines 
have  been  derived  in  part  from  the  underlying  rock  formations 
over  which  the  local  glaciers  moved. 
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XXIII. — Tlic  Sands  and  Sand^ones  of  EaMem  Moray.     Bj- 
Wm.  Mackie,  M.A.,  M.D.  (Elgin). 

(Read  19th  March  1896.)  I 

The  question  that  naturally  rises  in  the  mind  of  the  wanderer 
among  the  sand-dunes  of  Culbin  is — **  Where  did  all  the  sand 
come  from  ? "  Many  years  ago,  while  viewing  this  far-spreading 
wilderness  of  pure  sand,  Sir  Charles  Lyell  exclaimed,  "What 
a  Manufactory  of  Sandstone ! "  *  Briefly  to  describe  a  method,, 
by  which  we  may  hope  to  attempt  an  answer  to  the  question 
of  origin  of  such  sands,  and  by  implication  also  of  the  sand> 
stones,  which,  by  various  processes  and  at  various  times,  have 
been  derived  from  them,  and  generally  to  review  the  results 
of  the  application  of  this  method  to  the  sands  and  sandstones 
of  Eastern  Moray,  are  the  objects  I  have  set  before  me  in  the 
present  paper. 

If  we  were  to  take  a  sample  of  the  sand  of  Culbin  and 
examine  it  under  the  microscope,  with  the  view  of  determining 
its  composition,  we  should  find  that  out  of  100  of  its  beautifully 
rounded  particles  about  78  per  cent,  were  entirely  composed  of 
quartz,  about  18  per  cent,  were  felspar,  and  of  the  remaining  4 
per  cent.  1  per  cent,  would  probably  be  a  composite  frag- 
ment of  quartz  and  felspar ;  1  a  flake  of  mica,  1  a  fragment  of 
garnet,  and  the  remaining  1  per  cent  would  be  represented  by 
either  a  particle  of  magnetite  or  a  chip  of  hornblende,  tourma* 
line,  zircon,  or  sphene.  These  latter  minerals  turn  up  so  rarely, 
though  all  are  present,  that  they  may  justly  be  called  the 
accessory  minerals  of  the  sand. 

In  this  analysis,  what  is  likely  to  strike  the  observer  as 
peculiar  is  the  inordinate  disproportion  of  the  quartz  to  the 
felspar  and  other  constituents  of  the  sand.  But  the  Culbin 
sand  is  not  unique  in  this  respect.  Among  the  several  hundred 
analyses  of  sands  I  have  made  by  this  method,  I  have  found 
few  examples,  either  among  the  sands  or  sandstones,  with  less 
than  60  per  cent.,  and  not  a  few  of  them  show  over  90  per  cent, 
of  quartz  particles.  I  need  not  remind  a  scientific  audience  that 
sands  and  sandstones  alike  have  been  derived  from  previously 
existing  rocks ;  that,  if  we  could  trace  them  far  enough  back, 

^  Read  btfore  <Ae  InvemesB  Scientific  Society  and  Field  Club,  Wth  February 
1806. 

'  Dr  Gordon,  Transactions  of  Geological  Society  of  Edinbargh,  1892,  p.  243. 
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no  matter  how  many  intermediate  stages  there  may  have  been, 
we  should  find  that  all  of  them  have  been  originally  derived 
from  the  crystalline  rocks.  Around  here  ^  I  doubt  not  we  should 
probably  trace  most  of  their  constituent  particles  back  to  the 
fundamental  gneiss.  Now  gneiss  contains  felspar  in  quite  as 
large  proportion 'as  quartz.  It  also,  as  you  know,  contains  a 
considerable  proportion  of  mica  as  an  essential  constituent 
How,  then,  does  the  felspar  get  frittered  down  to  the  modest 
modicum  of  18  per  cent  and  the  mica  down  to  1  per  cent  ? 
Simply  because  the  felspar  is  softer  and  more  easily  disin- 
tegrated, breaks  down  into  finer  dust  than  the  quartz,  and  this, 
combined  with  its  slightly  lower  specific  gmvity  and  the  ex- 
ceeding fineness  of  the  ultimate  particles  into  which  it  finally 
gets  broken  down,  contributes  to  the  facility  with  which  it  is 
separated  and  washed  away  from  the  quartz.  As  a  few  illustra- 
tions out  of  many  I  have  come  across  of  this  natural  tendency 
to  the  elimination  of  felspar  as  a  constituent  of  sand,  with 
continued  attrition,  I  give  the  following : — 

The  sand  of  the  River  Spey  at  Cromdale  was  found  to 

contain       .        .        .  18  per  cent,  felspar. 

At  Ballindalloch   (i,e.  going 

down  the  river)  .        .  16        „            „ 

At  Blacksboat       ...  13        „            „ 

At  Craigellachie    ...  15        „            „ 
[Here,  however,  reinforced  by  waste  of  Benrinnes  granite,] 

At  Orton  again  it  had  gone 

down  to      .        .        .  12  per  cent  felspar. 

The  sand  of  the  River  Find- 
horn  above  Dulsie 
Bridge  again  showed  .         42        „  „ 

At  Logic  Bridge    ...        31        „  „ 

Between    railway    bridge    at 

Forres  and  sea    .        .         21         „  „ 

So  much  for  the  action  of  running  water.  The  action  of  the 
waves  along  the  sea  shore  reduces  the  felspar  still  further.  The 
average  of  the  four  determinations  of  the  sands  of  the  four 
principal  rivers  in  the  samples  that  have  been  taken  nearest  the 
sea  gives  18  per  cent  of  felspar,  while  the  avemge  of  several 
specimens  of  sea  sand  gives  only  10  per  cent,  felspar.  The 
action  of  the  wind  is  also  apparently  an  important  factor  in  the 
elimination  of  felspar.  The  average  of  the  Findhom  and 
Nairn  River  sands  shows  24  per  cent  This  in  the  Culbin 
sands,  which  appears  in  large  part  to  have  been  derived  from 

^  Inyemess. 
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these,  has  gone  down  to  18  per  cent.,  and  still  further  east  at 
Burghead  it  has  gone  still  further  down  to  8  per  cent. 

From  the  continued  action  of  these  agencies  then  we  maj 
conclude  the  felspar  gets  reduced  to  the  limited  quantity  we 
observe  in  the  finished  product 

Mica,  which  is  almost  always  an  integral  part  of  the  rock 
debris,  which  eventually  gets  transformed  into  sand,  is  also 
easily  disposed  of.  Its  flat,  scaly  condition,  notwithstanding 
its  sUghtly  higher  specific  gravity,  enables  it  to  be  easily  buoyed 
up  and  floated  away  from  the  quartz  by  the  agency  of  running 
water. 

We  have  thus,  it  will  be  seen,  to  depend  largely  on  the 
quartz  particles  to  tell  us  the  history  of  the  sand  of  which  they 
form  a  part  It  sometimes  happens,  however,  that  the  felspars 
that  remain  afford  an  important  clue  as  to  origin ;  less  frequently 
the  micas,  though  it  must  be  admitted  that  even  they  some- 
times yield  confirmatory  evidence;  while,  of  the  accessory 
minerals,  being,  as  they  often  are,  the  heaviest,  hardest  and, 
consequently,  most  resisting  particles,  it  may  be  said  that  they 
are  frequently  of  the  very  greatest  service  in  guiding  us  to  a 
correct  conclusion. 

For  instance,  to  take  the  case  of  the  felspars  in  the  Culbin 
sands.  Some  of  these  conform  to  the  pattern  of  the  laige 
felspars  in  Ardclach  granite,  in  containing  inside  them  minute 
oblong  felspars,  with  clear  borders  and  dark  centres;  while 
others  are  of  a  different  pattern,  seen  in  Kinsteary  granite,  and 
contain  well-formed  crystals  of  magnetite  in  their  interiors.  In 
the  sand  again  and  in  both  ^  granites  "we  find  flakes  of  mica, 
showing  muscovite  and  biotite  (white  and  black  mica)  in  parallel 
intergrowth.  These  observations  of  themselves  would  go  far 
towards  warranting  the  inference  of  the  derivation  in  part  of 
these  sands  from  the  granites  just  mentioned ;  but  when  taken 
in  conjunction  with  observations  of  a  similar  kind  on  the  quartz 
particles,  such  conclusion  becomes  practically  irresistible. 

Then  as  regards  the  accessory  minerals,  if,  for  instance,  we  find 
a  sample  of  sand  containing — as  we  do  in  the  case  of  the  matrix 
of  a  L.O.R  conglomerate  at  GoUachy — 10  per  cent,  of  garnet 
we  shall  be  well  advised  to  look  out  for  fragments  of  such  schis- 
tose rocks  as  we  know  from  previous  experience  that  garnets 
are  commonly  found  in,  and  there  to  be  sure  in  abundance  such 
fragments  are. 

If  prisms  of  zircon  showing  it  may  be,  as  they  very  frequently 
do,  very  little  rounding  of  their  original  outlines,  are  present  in 
abundance  in  a  sandstone,  as  they  are  in  some  of  the  very  earliest 

^  Typically,  however,  in  the  Ardclach  granite,  bat  the  same  arrangement  is 
frequent  in  the  local  gneisses. 
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L.O.B.  beds,  we  may  also  expect  the  presence  of  the  debris  of 
rocks  in  which  zircons  are  known  to  occur ;  or,  again,  if  in  the 
sand  of  a  stream  [the  Sothcs  Bum  it  happens  to  be,  just  before 
it  joins  the  Spey]  we  find  8  per  cent,  of  particles  of  magnetite 
and  titaniferouB  iron,  along  with  7  per  cent,  of  hornblende, 
and  that  these,  are  associated  with  fragments  of  triclinic  felspar, 
we  naturally  look  for,  and  expect  to  find  somewhere  in  the  course 
of  the  stream  a  considerable  outcrop  of  diorite,  of  which  rock  we 
know  the  forementioned  minerals  to  be  essential  constituents,, 
and  there  to  be  sure  the  diorite  is. 

Sometimes,  again,  certain  accidental  circumstances  connected 
with  the  size,  shape,  surface  markings,  or  incrustations  on  the 
surfaces  of  the  different  particles  of  sand,  may  tell  us  something 
of  their  previous  histories.  As  regards  size,  it  will  be  manifest 
we  need  not  look  for  the  origin  of  quartz  grains  l-20th 
(•05)  of  an  inch  or  more  in  diameter  among  rocks  where  the 
unbroken,  unworn  grains  of  quartz  in  the  rock  in  situ  do  not 
exceed  1-200  ('005)  of  an  inch  in  diameter.  This  question 
of  mere  size  is  of  itself  sufficient  to  mark  off  many  of  the  grains 
derived  from  gneiss  and  granite  from  those  derived  from  the 
younger  schistose  rocks.  Again,  if  even  the  largest  grains  of  a 
specimen — for  the  larger  grains  are  all  but  invariably  the  more 
rounded — show  little  or  no  rounding  of  their  outlines,  we  infer 
that  they  have  not  travelled  far  from  their  parent  rock.  If  at 
the  present  day  the  most  rounded  sand  particles  we  can  find 
anywhere  at  the  surface  in  this  part  of  the  country  are  the 
particles  of  the  Culbin  Sands  (Fig.  3,  pi.  19),  which  we  know 
owe  their  rounding  almost  entirely  to  seolian  agency,  we  shall 
not  be  far  wrong  if  we  conclude  that  the  Elgin  Eeptiliferous 
Sandstones,  of  which  the  component  particles  are  far  more 
rounded  still  (Fig.  2,  pi.  19),  were  largely  accumulated  under 
the  influence  of  the  same  agency.  Once  more,  if  on  the 
particles  of  a  sand  we  find  paraUel  surface-scratchiiigs, — but 
they  have  to  be  carefiJly  distinguished  from  parallel  fissures 
and  other  structural  lines  in  the  grains, — we  may  infer  with 
some  certainty  the  operation  of  glacier  ice.  Or  finally,  if 
in  the  Culbin  sand  or  any  other  surface  sand  we  find  grains 
sheathed  in  a  clear  casing  of  secondary  quartz,  or  covered,  it 
may  be,  with  a  dark  envelope  of  red  oxide  of  iron,  we  may 
infer  derivation  to  that  extent  in  the  one  case  from  a  quartz- 
cemented,  in  the  other  firom  an  iron-cemented,  sandstone. 

From  these  sources,  it  will  be  observed,  the  evidence  regarding 
origin  is  at  best  negative.  More  frequently  only  what  might  be 
called  snatches  of  the  intervening  histories  of  the  various  par- 
ticles is  all  that  is  revealed.  To  learn  something  of  their  real 
origin  we  have  to  go  deeper.    When  we  come  to  look  at  our 
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Kjuartz  grains  with  a  moderately  high  power  of  the  microscope — 
•say  I  in.  objective  magnifying  100  diameters — nothing  less  being 
of  much  use  for  our  purpose — ^we  find  that  many  of  them  contain 
inside  them  numerous  little  objects  of  various  shapes  and 
<;olour8.  Some  of  them  are  seen  to  have  beautiful  mathematical 
outlines,  some  of  them  to  be  of  very  irregular  form.  Many 
again  are  beautifully  coloured,  others  are  characterised  by  onl)' 
inky  blackness.  Here,  as  elsewhere,  the  microscope  reveals 
a  new  world,  and  opens  up  a  whole  vista  of  possibilities  by 
which  we  may  hope  to  trace  the  origin  of  the  containing  grains. 
What  we  see  are  inclusions  or  enclosures  in  the  quartz.  Some 
of  these  inclusions  are  crystals — often  perfectly  regular,  rigidly 
imathematically  outlined  crystals  of  other  minerals  enclosed  in  the 
Kjuartz.  Others,  again,  are  lacunas — little  lakes  containing  fluid. 
.Some  of  these  are  completely  filled,  others  only  partially  filled 
with  this  fluid.  In  the  latter  case  a  bubble  of  gas  is  to  be  seen 
.along  with  the  fluid.  Sometimes^  apparently,  only  gas  is  present 
in  the  little  interspace,  and  then  it  appears  to  the  eye  of  an 
.almost  inky  blackness. 

For  our  present  purpose  we  divide  these  inclusions  into  three 
Kjlasses,  and  our  quartz  grains,  in  virtue  of  the  kinds  of  inclu- 
.-sions  they  contain,  into  four  classes — one  class  of  quartz  grains 
being  characterised  by  the  general  absence  of  such  inclusions. 

I.  fiegular  Inclusions,  and  the  quartz  grains  containing  them, 
are  classified  as  regular-inclusibned  grains. 

II.  Acicular  or  fine  needle-like  inclusions  and  the  grains 
showing  these  as  acicular-inclusioned. 

III.  Irregular  inclusions,  giving  an  irregular-inclusioned  group. 

IV.  Grains  without  inclusions,  or  where  inclusions  of  the 
iiTCgular  type  are  so  small  as  practically  to  escape  notice. 

Shortly,  then,  we  classify  quartz  grains,  as  regards  inclusions, 
into  Eegular,  Acicular,  Irregular,  None,  for  the  sake  of  con- 
venience, indicating  the  groups  by  the  initial  letters  E,  A,  I,  N. 

Among  the  regular  inclusions  found  in  the  quartz  particles  of 
the  sandstones  of  the  area  under  examination,  of  such  as  have 
1)een  identified,  I  note  the  following  minerals — quartz  as  an 
inclusion  in  quartz,  chlorite,  muscovite,  biotite,  rutile,  apatite, 
zircon,  garnet,  magnetite,  titaniferous  iron.  The  list  might  prob- 
-ably  be  largely  extended  by  observation  directed  to  the  point, 
but  up  to  the  present  my  interest  has  largely  centred  in  the 
acicular  group.  Here  the  inclusions  appear  as  fine  dark  lines 
running  in  all  directions  through  the  quartz  grains.  These 
needles  do  not  appear  to  have  been  laigely  observed — at  least 
the  microscopic  variety  of  them  has  not  been  largely  observed 
by  either  mineralogists  or  petrologists.  Mr  Prior,  one  of  the 
^etrologists  attached  to  the  British  Museum,  had  not  seen  them 
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when  I  bronght  them  under  his  notice  some  months  ago ;  but 
sometime  afterwards  he  wrote  me  to  say  he  had  since  observed 
them  in  the  quartz  of  several  granitoid  rocks.  Strange  enough, 
I  discovered  them,  more  than  a  dozen  years  ago  now,  in  the 
very  first  microscopical  section  of  a  granite  1  ever  cut.  This 
happened  to  be  a  specimen  of  Aberdeen  granite,  in  some  varieties 
of  which  they  exist  literally  in  thousands. 

The  mineral  character  of  the  needles  appears  to  be  equally 
doubtful.  Mr  Prior  sums  up  the  opinions  that  have  been  given, 
but  carefully  avoids  giving  his  own.  You  can  easily  see  from 
the  nature  of  the  case  that  little  more  than  an  opinion  could  well 
be  expected.  Another  variety  of  needle  which  also  occurs  as 
an  inclusion  in  some  of  the  quartz  particles  of  these  sandstones 
is  easily  identified  as  Sillimanite.  These  ai*e  perfectly  colourless, 
occur  in  tufted  or  sheaf-like  aggregates,  the  individual  needles 
often  showing  a  transverse  cleavage  which  easily  distinguishes 
them  from  the  finer  dark  variety  which  has  generally  though  not 
invariably  been  ascribed  to  rutile.  Whatever  the  nature  of  the 
latter  class  there  can  be  little  doubt  that  they  are  very  widely 
distributed.  I  have  examined  very  few  specimens  of  sand  from 
which  quartz  grains  containing  them  are  entirely  absent.  With 
only  a  few  exceptions,  they  have  been  present  in  all  the  speci- 
mens of  sandstone  examined,  and  with  one  exception  I  believe 
in  all  the  surface  sands  yet  analysed.  They  are  present  in  some 
of  the  quartz  particles  of  the  Kentish  Bag,  in  the  south  of  Eng- 
land. They  are  present  in  the  sea  sands  of  various  parts  of  the 
English  coast,  and  in  a  specimen  of  sand  from  South  Africa 
which  I  examined  a  few  weeks  ago  they  are  also  to  be  found.^ 
In  the  quartz  grains  of  a  quartz  diorite  (Fig.  A,  plate  18)  which 
is  found  in  situ  at  Netherly,  near  Eothes,  they  exist  in  such 
abundance,  and  the  individual  needles  are  often  so  large,  that  it 
did  not  seem  to  be  beyond  the  bounds  of  possibility  to  make  at 
least  a  qualiUitive  determination  of  their  composition.  After 
much  trouble  in  separating  the  quartz  grains  from  a  rotten  speci- 
men of  the  rock,  making  certain  that  these  grains  were  free  from 
other  inclusions,  reducing  them  to  as  fine  a  state  of  mechanical 
division  as  possible,  then  separating  the  needle  dust  from  the 
quartz  in  virtue  of  their  assumed  higher  specific  gravity  by  a  fluid 
of  high  specific  gravity — (borotungstate  of  cadmium),  I  at  last 
obtained  a  minute  quantity  of  dark  needle  dust,  which  on  examinar 
tion  I  am  sorry  to  say  gave  only  negative  results.  A  borax  bead 
was  not  coloured  in  the  slightest  degree  by  the  total  quantity 
separated,  so  that  on  the  strength  of  this  result  we  should  exclude 
the  presence  of  both   iron  and  titanium.      If  the  latter  is 

^  I  have  lately  observed  these  as  well  as  the  Sillimanite  needles  in  the 
beaatifnlly  rounded  grains  of  a  sandstone  pebble  which  was  found  included  in 
the  Torridon  Sandstone  near  Kinlochewe. 
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excluded,  rutile  is  not  present.  However,  I  do  not  consider  tlie 
result  final,  and  must  make  another  attempt  before  deciding. 
My  first  opinion  regarding  their  mineral  character  was  that  they 
were  probably  fine,  very  fine  prisms  of  apatite,  but  their  associa- 
tion and  grouping  undoubtedly  points  to  their  being  rutile.^ 
There  can  be  no  doubt  that  small  prisms  of  apatite  do  occur  in 
many  of  the  grains  in  question,  and  these,  along  with  fine  tour- 
malines, have  from  time  to  time,  in  all  probability,  found  their 
way  into  and  been  classified  in  the  acicular  group. 

The  acicular  group  is  capable  of  extensive  subdivision  into 
smaller  groups  in  virtue  of  peculiar  differences  of  arrangement  of 
the  needles  within  the  quartz  grains,  and  also  in  several  cases 
by  reason  of  their  association  with  various  inclusions  of  the 
regular  type.  It  is  this  variety  of  arrangement  and  association 
that  has  enabled  me  to  trace  many  of  these  sub-groups  with 
more  or  less  certainty  back  to  their  parent  rocks. 

Irregular  inclusions  need  no  particular  description.  They 
are  almost  always  fluid  lacunae  with  or  without  gas  bubbles. 
Various  rocks  are  characterised  by  the  presence  or  absence  of 
gas  bubbles  in  these  fluid  lacunae.  Thus  the  Benrinnes  type  of 
granite,  both  in  the  central  mass  and  associated  veins,  shows 
bubbles  in  its  irregular  inclusions  more  frequently  than  the 
western  granites  of  Ardclach  and  Kinsteary.  When  bubbles 
are  present  in  the  latter  granites  they  are,  relatively  to  the  size 
of  the  containing  lacunae,  almost  always  much  smaller  than  the 
bubbles  in  the  former  granite.  These  differences  are  probably 
due  to  differences  in  the  pressures  under  which  these  rock 
masses  cooled.  The  quartz  of  Benrinnes  granite  again,  it  should 
be  noted,  frequently  shows  a  tendency  to  arrangement  of  its 
irregular  inclusions  in  parallel  rows — sometimes  in  more  than 
one  direction  in  the  same  grain.  In  none  of  the  specimens  of  the 
western  granites  examined  has  any  such  tendency  been  observed. 

Now  it  may  be  stated  as  a  fairly  general  law  that  acicular  and 
irregular  inclusions  pre-eminently  abound  in  the  quartz  of  granite ; 
that  the  regular  group  is  to  be  found  in  various  proportions,  but 
always  in  relatively  large  numbers  in  the  quartz  of  gneiss  and 
the  younger  schistose  rocks.  A  glance  at  the  accompanying 
tables  will  make  this  evident  at  once.  I  have  there  evaluated 
the  quartz  of  various  rocks — that  is  to  say,  I  have  determined 
the  relative  proportions  of  the  various  inclusions  in  their  quartz 
grains,jwhen  these  quartz  grains  have  been  broken  down  to  the  size 

^  Sinoe  making  this  attempt  at  their  chemical  analysis  I  have  made  some 
determinations  of  the  actual  size  of  these  needles  in  the  diorite.  I  find  th(^ 
range  from  iftn  to  tAo  inch  in  length,  and  from  izbo  to  jihta  inch  in  breadth.  1% 
put  it  in  another  way  :  if  a  grain  of  quartz  it  of  an  inch  in  diameter  were  magni- 
fied 1500  diameters — that  is,  u^  to  60  inches  in  diameter — the  needles  would  come 
out  like  cedar-pencils  and  knitting  needles  of  various  degrees  of  fineness.  Of 
course  in  some  cases  these  needles  are  very  much  finer  than  those  in  the  diorite. 
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of  ordinary  sand  grains,  by  observing  and  noting  the  character  of 
the  inclusions  of  the  individual  particles  as  they  are  successively 
brought  into  view  in  the  field  of  the  microscope.  And  here  it 
may  be  well  to  state  that  where  a  grain  contains  two  or  more 
sets  of  inclusions,  as  not  infrequently  happens,  the  acicular  have 
always  taken  precedence,  and  where  they  occur,  though  inclu- 
sions of  other  types  have  been  present,  the  containing  grain  has 
l>een  invariably  registered  "Acicular."  E^ular  inclusions  in 
the  same  manner  have  had  precedence  over  the  irregular  variety. 
This  it  will  be  seen  is  simply  a  device  to  obviate  crossclassification. 

Now  the  result  of  this  quantification  of  the  quartz  of  actual 
rocks  has  given  the  following  results  : — 

The  three  eastern  granites  show  an  average  of  65  per  cent,  of 
acicular  grains  and  13  per  cent,  of  irregular  grains — i.e.,  78  per 
cent  of  the  two  combined.  The  two  western  granites  of  Axd- 
clach  and  Kinsteary  give  an  average  of  30  acicular  and  43 
irregular,  or  73  per  cent,  together,  whereas  the  average  of  8 
schists  and  gneisses  give  an  average  of  1  acicular  and  3  irregular, 
or  only  4  per  cent,  in  all.  On  the  other  hand,  in  the  regular  and 
negative  ^  groups  combined  we  have  in  the  schists  and  gneisses 
96  per  cent,  whereas  the  granites  show  only  22  per  cent  and  27 
per  cent  of  these  respectively.  These  results  establish  the 
truth  of  the  general  law,  but  it  should  not  be  forgotten  that 
exceptions  do  occur.  I  have  found  needles  in  the  schists  in 
three  localities,  but  in  each  of  these  cases  they  have  been  found 
at  the  margin  of  an  intrusive  rock — in  two  cases  at  the  edge  of 
a  granite  vein,  and  in  the  other  case  at  the  margin  of  the 
Netherly  diorite.  These  observations  would  go  to  show  that  in 
these  situations  the  appearance  of  the  needles  has  been  due  to 
contact  metamorphism.  In  each  of  these  cases,  however,  they 
have  been  associated  with  regular  inclusions  or  grouped  in  such 
a  way  as  woiild  have  left  little  doubt  regarding  their  origin, 
should  grains  with  the  same  characters  have  turned  up  in  a 
sandstone. 

But  there  is  another  important  observation  to  be  made  before 
we  leave  this  table.  Compare  the  eastern  and  western  granites. 
In  the  eastern  the  number  of  acicular  grains  largely  predominate 
over  the  irregular — ^in  fact  in  the  proportion  of  65  to  13.  This 
I  have  called  for  the  sake  of  convenience  the  "  eastern  granitic 
mtio."  On  the  other  hand,  in  the  case  of  the  western  granites 
the  irregular  predominate  over  the  acicular  in  the  proportion  of 
43  to  30.  This  I  have  called  the  "western  granitic  ratio." 
Shortly  the  diflFerence  may  be  formulated  thus : — 
A  >  I : :  5  : 1  eastern  granitic  ratio. 
A<I::2  :  3  western  „ 

^  Must  not  be  interpreted  as  meaning  **  Negative  "  incluBions,  but  simply 
the  absence  of  inclusions  generaUj. 
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The  significaDce  of  these  differences  will  become  apparent 
by  and  by. 

The  value  of  inclusions,  as  a  means  of  tracing  sand  grains 
willy  I  think,  be  beginning  to  dawn  on  you,  and  we  are 
now  in  a  position  to  proceed  with  the  analyses  of  actual 
specimens. 

If  it  is  a  specimen  of  a  recent  sand  that  we  are  to  examine, 
we  have  only  to  dry  it  and  mount  a  good  pinch  of  it  in  Canada 
Balsam.  If  it  is  a  sandstone,  we  proceed  to  separate  its  com- 
ponent grains  by  gently  crumbling  it  down  if  it  is  soft  and 
friable  between  the  fingers.  In  any  case  we  use  as  little  force 
as  possible,  never  using  such  means  or  force  as  would  be  likely 
to  break  or  otherwise  destroy  the  characters  of  the  individual 
grains.  In  fact  with  very  hard  quartz-cemented  sandstones, 
it  may  be  preferable  to  cut  microscopical  sections.  We  thus 
avoid  the  risk  of  breaking  the  grains.  The  sand  derived  from 
the  breaking  down  of  the  sandstone  is  in  all  cases-  preferably 
boiled  in  hydrochloric  acid  to  dissolve  the  oxide  of  iron,  car- 
bonate of  lime,  and  other  cementing  substances,  which  would 
otherwise,  in  many  cases,  prevent  us  observing  the  inclusions 
altogether.  The  specimen  is  then  washed  several  times  by 
decantation,  and  there  is  little  harm — rather  an  advantage,  I 
should  say — if  the  finer  clayey  debris  is  washed  away  with  it, 
for  it  only  serves  to  obscure  our  view  of  the  sand  grains  proper, 
and  is  itself  practically  of  little  importance,  so  far  as  the  purpose 
in  hand  is  concerned.  If,  however,  it  is  desirable  to  examine  it, 
it  may  be  collected  in  a  separate  vessel,  and  examined  after  it 
has  settled.  Substances  soluble  in  acid  must,  of  course,  be 
looked  for  in  a  sample  that  has  not  been  treated  with  acid. 
Boulder  clays  are  washed  by  decantation,  and  only  the  sand 
particles  proper  retained  for  examination.  These  may  or  may 
not  require  preliminary  treatment  with  acid.  Our  sample, 
after  washing,  is  well  dried,  and  a  pinch  of  it  mounted  in 
Canada  Balsam.  And  here  I  would  observe  parenthetically 
that  the  method  described  in  books  of  temporary  mounting  in 
water  is  "  no  good  at  all."  It  may  be  all  very  well  where  it  is 
simply  the  question  of  size  or  outline  of  the  grains  that  is  at 
issua  It  is  altogether  useless  where  the  inclusions  are  the 
main  object  of  observation.  We  then  proceed  as  before,  record- 
ing the  numbers  of  the  grains  containing  the  different  classes 
of  inclusions,  in  parallel  columns,  in  the  way  already  indicated, 
as  they  are  successively  brought  into  the  field  of  the  microscope. 
In  this  case,  however,  we  also  note  the  number  of  felspars, 
schist  fragments,  and  accessory  minerals  in  parallel  columns. 

Having  evaluated  a  specimen  of  sand,  it  is  often  possible  to 
assign,  with  some  degree  of  probability,  the  proportions  of  the 
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various  rocks  that  have  gone  to  make  it  up.    Two  examples  are 
thus  worked  out — a  recent  sand  and  a  sandstone — 

SAND  OF  ROTHES  BURN. 


Quaxtz. 


R    85 


A.  11 


FelqMv| 

Schist,  . 

Hornblende, . 
Magnetite, 


N.  12 


Ortho- 

wd  PlagioclMe.  15 


Granite, 
23%. 


ooewfBofllyUilhaPetiBatite  velna 
OB  thie  born. 

In  the  case  of  the  Eothes  Burn  sand  I  have  divided  the 
felspars  equally  among  the  three  groups,  as  some  of  the  schists 
are  felspar-bearing,  and  triclinic  felspars  having  been  noted  as 
present  in  this  sand,  these  would  naturally  fall  to  the  diorite 
total.  In  the  GoUachy  conglomerate,  also,  some  of  the  quartz 
acicular  grains  belong  to  the  diorite,  but  the  difference  which 
these  would  make  is  of  little  consequence,  since  these  evalua- 
tions are  at  best  only  the  merest  approximations. 

But  the  chief  interest  of  this  method  attaches,  not  so  much 
to  this,  which  might  justly  be  called  its  quantitative  aspect,  as 
to  what  is  really  its  qualitative  side — I  mean  the  actual  tracing 
of  the  various  groups  of  sand  grains  back  to   the  particulw 
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localities  in  the  crystalline  rocks  from  which  they  were  originally 
derived.  To  do  this,  of  course,  we  must  come  armed  with 
microscopical  sections  of  all  the  important  rocks  of  the  area, 
which,  we  have  reason  to  believe,  yielded  the  debris  which  has 
gone  to  make  up  the  sandstones  in  question.  In  my  own  case, 
this  process  has  gone  on  pari  passu  with  the  quantitative 
determinations  of  the  various  beds.    Several  groups  have  been 

MATRIX  OF  CONGLOMERATE 

(Lower  Old  Red) 

GOLLACHY    MILL 


/R.  23 


A. 

9 

Quarto, 

I. 

6. 

^N. 

16 

Felspar  l^^*^^"* 

6 

Schist,         .        .        . 

28* 

Garnet  and  Staarolito, 

10- 

Mica.  .... 

2' 

Porphyrita, 

1-^ 

Magnetite,  ...  4 
Chlorite,  .  .  .  1 
Hornblende  (present). 


Diorite  and 
Volcanic, 

3% 


identified  with  all  but  absolute  certainty.  Regarding  others, 
which  may  be  traced  to  moi-e  than  one  locality,  there  is  of 
course,  at  times,  some  doubt,  while  regarding  a  considerable 
residuum,  I  have  not  yet  even  a  hint  to  go  by  in  the  matter  of 
their  identificatioa  I  will  now  briefly  indicate  the  results,  so 
far  as  the  identification  has  yet  gone : — 
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CujB8  of 

6BAI5S. 


Characters  of  Grains. 


I    Whirs  first 
Obsbrvbd 
m  Sandstones. 


Quartz  of 
Benrinnes 
Granite-Type, 

„  Glengrant 
Granite. 


„  Granite  Vein 
Rothes  Bum. 


„  Granite  Vein, 
Fiddich 
Bridce,  Ciaig- 
ellacnie. 

„  Granite  Vein, 
Spey  Brid^, 
Craigellacliie. 

„  Netherly 
Diorite. 


ff  Granite  Vein 
intrusive  in 
Diorite. 

„  Benrinnes' 
Granite  in 
various 
localities. 


»  Ardclach 
Granite. 


Granite. 


white 
Felspars. 
Zoned  Felspars. 


As  shown  by  the  numbers  of  acicular 
grains  predominating  over  the  numbers 
of  irregular.  In  hurge  grains  needles 
generally  have  a  central  position. 

1 .  Fine  parallel  cleavage  of  quartz,  often 
in  more  tnan  one  direction  m  the  same 
grain  (Fig.  B,  plate  18). 

2.  Turbid  quartz  with  fine  apatite 
prisms  and  very  few  rutile  needles. 

1.  Rutile  needles  arranged  parallel  to 
margins  of  grain,  and  with  or  without 
violet  hexagons. 

2.  Polysynthetic  quartz  with  or  with- 
out needles,  showing  iron  staining  in  the 
interstices  both  in  native  rock  and  in 
sandstones. 

Dark  turbid  quartz  with  parallel  joint 
lines,  and  rutile  needles  nearly  parallel 
to  same. 

Large  lacunae  with  ragged  edges,  smtUl 
zircons,  apatites,  and  rutile  needles  [diffi- 
cult to  distinguish  from  quartz  of  Ard- 
clach granite.] 

Lon^,  straight,  well-developed  needles 
radiating  in  all  directions  in  immense 
numbers,  through  entire  grain^  which  is 
frequently  free  from  irre^lar  inclusions. 
Apatite,  ms^etite,  titanif erous  iron,  and 
zircon  may  oe  associated. 

Lar^  scattered  needles  with  small 
pale-violet  hexagonal  plates  or  bacillary 
needles  in  immense  numbers,  the  latter 
often  in  parallel  lines.- 

1.  Variety  with  large  needles  and  dark 
violet  hexagons  in  rows. 


2.  Irregular  inclusions  in  rows. 

With  large  zircons,  apatites,  and  scat- 
tered needles  ;  also  ragged-edged  lacunae 
and  irregular  inclusions,  mostly  toithout 
bubbles[Eitter  characteristicdistinguishes 
from  local  varieties  of  Benrinnes  granite.] 

Peculiar  wavy  cleavage  of  some  quartz 
erains,  evidently  highly  altered  orthoclase 
felspars. 

Eastern  pattern  [orthoclases].  Probable 
origin — patatogranite. 

Western  pattern  [plagioclaees]. 


DuflFtown, 
L.O.R. 


Greens  of 
Rothe8,L.O.R. 

Auchinroath 
Bum,  L.O.R. 

Gollachv      and 
Dipple,L.O.R 


Dipple,L.O.R. 
Dipple,  L.O.R 


Auchinroath 
Bum,  Dipple, 
and  Gollacny, 
L.O.R. 


Auchinroath, 

Dipple,      and 

Goilachy, 

L.O.R. 
Scaat  Craig  and 

Comstone, 

New  Elgin, 

U.O.R 
DuflFtown, 

L.O.R. 
Scaat  Craig, 

U.O.R. 


Scaat  Craig, 
U.O.R 

Auchinroath, 

L.O.R. 
Comstone,       in 

abundance. 
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CLA.8S  OF 
GBAIN& 


Hornblende. 

Crooked  Needles 
in  schist,  de- 
rived frag- 
ments. 

Magnetite,  zir- 
con, garnet. 


Porphyrite 
Fragments. 

Triclinic 

Felspar. 
Magnetite. 


Balintomb 
schist,  and  in 
schist     under 
Craigellachie 
Granite  Vein. 


Characters  of  Grains. 


With  quartz  attached,  showing  radiat- 
ing needles  as  in  local  diorite. 

Schists  along  margins  of  granite  veins, 
Rothes  Bum. 


Locality  not  known.  [In  situ  at  Gk>l 
lachy  mill ;  but  this  is  much  earlier  than 
the  inter-bedded  fragment  therej 

With  apatite  inclusions.  Probable 
origin — diorite. 

With  weathered  felspars  and  horn- 
blende attached,  evidently  from  western 
zones  of  diorite,  which  are  poor  in  quartz 
grains. 

Tufted  sillimanite  needles. 


Where  First 

Observed 
IN  Sandbtoneb. 


Auchinroath, 

L.O.R. 
Scaat  Craig, 

L.O.R 


All  first  observed 
in  the  very 
oldest  beds  of 
L.O.R.  Rothes 
Bum. 

Auchinroath, 
L.O.R. 

Dipple,  L.O.R. 

Scaat  Craig, 
abundant 
U.O.R. 

Dipple,  L.O.R. 


Having  identified  a  number  of  classes  of  gmins  at  a  particular 
horizon,  say,  at  Auchinroath  or  GoUachy,  it  becomes  possible 
to  indicate  in  a  general  way  the  course  of  the  rivers  that  con- 
veyed the  detritus  to  these  spots.  Thus  at  Auchinroath  we  find 
noted  the  occurrence — (1)  of  the  Glengrant  granite;  (2)  the  in- 
trusive vein  in  the  diorite ;  (8)  the  diorite  itself ;  and  (4)  the  inter- 
vening schists  in  abundance.  We  have  simply  to  join  the  points 
indicated  to  one  another  and  to  the  nearest  point  of  the  margin 
of  the  old  lake  to  get,  in  a  general  way,  the  course  of  one  of  the 
rivers  of  the  period.  At  GoUachy,  again,  we  have,  in  addition  to 
the  groups  now  given — (1)  An  assemblage  of  fragments  derived 
from  rocks  such  a^  now  lie  in  the  lower  Fiddich  basin  [the  sand 
of  the  present  river  showing  many  classes  of  identical  fragments]. 
We  have  also  (2)  quartz  grains  derived  from  both  the  Craigellachie 
granite  veins,  and  (3)  the  sillimanite  needles  from  Balintomb  or 
Craigellachie.  If  we  produce  the  Auchinroath  river  slightly  back- 
wards, we  bring  in  the  sillimanite  needles;  then  by  adding  another 
river,  branching  east  and  west  along  the  margin  of  tlie  Craig- 
ellachie veins,  producing  its  eastern  branch  backwards  on  the 
lower  fiddich  area ;  and  finally,  making  the  two  rivers  meet 
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l^efore  reaching  Gollachy,  we  bring  together  the  whole  assem- 
blage of  fragments  represented  in  the  GoUachy  beds.  Again, 
SO  many  grains,  derived  from  the  large  granite  vein,  which 
crosses  both  the  Rothes  and  Glengrant  bums  appear  in  the 
Eeptiliferous  beds  that  we  can  hardly  resist  the  conclusion 
that  a  river  ran  for  a  considerable  distance  along  the  outcrop 
of  this  vein  for  the  greater  part  of  the  period.  These  and 
other  hints  as  to  the  drainage  system  of  the  old  land  surfaces 
crop  up  from  time  to  time.  But  the  foregoing  examples  must 
needs  suffice.  They  show,  at  least,  that  "there  is  something 
in  it." 

But  to  return  to  our  quantitative  results,  specimens  from  all 
exposed  parts  of  the  sandstones  of  Eastern  Moray  have  been  sub- 
jected to  analysis  by  the  method  just  described,  and  the  results 
have  been  tabulated  in  series  in  the  chronological  order  of  the 
}>eds,  so  far  as  that  is  known.  Each  entry  in  these  columns  is 
the  mean  of  two,  frequently  the  average  of  three  or  four  parallel 
determinations  of  the  same  sample.  But  the  tables  now 
exhibited  show  only  the  generalised  results,  and  these  have  been 
arranged  with  a  view  to  facilitate  the  drawing  of  certain  deduc- 
tions therefrom.  First  of  all  we  have  seven  analyses — three  of 
rocks  in  situ  and  four  of  fragments  of  sandstones,  found  scattered 
through  the  conglomerates  of  LO.R  age.  These  latter  must 
perforce  represent  beds  of  a  very  remote  antiquity.  The  beds 
in  situ  on  the  Sothes  Bum,  as  far  as  can  be  made  out 
from  the  groimd,  have  been  thrown  down  by  trough  faults. 
They  stand  almost  on  edge,  faced  up  on  both  sides  by  the 
local  quartzites.  They  have  evidently  been  subjected  to  in- 
tense pressure.  The  pebbles  in  them  are  flattened  and  ribbed 
just  like  figs  that  have  been  tightly  packed  in  a  box.  The 
included  fragments  are  quartzites  showing  a  much  lower  grade 
of  metamorphism  than  the  rocks  among  which  they  lie,  frag- 
ments of  various  mica  slates  and  clay  slates,  and  generally  of 
rocks  that  now  lie  wholly  to  the  east  of  their  position.  Tlie 
great  age  of  these  beds  may,  therefore,  also  be  admitted.  Now 
what  does  the  examination  of  these  rocks  and  fragments  go  to 
show  ?  That  not  a  particle  of  granite,  not  a  particle  of  tnie 
gneiss,  is  represented  in  any  one  of  them.  Kot  a  grain  of  them 
Las  been  found  showing  typical  acicular  or  typical  irregular 
inclusions  such  as  we  find  in  granite.  Ten  fragments  of  clear 
quartz,  such  as  might  be  supposed  to  be  derived  from  granite 
taken  from  the  Rothes  Bum  Conglomerate,  were  broken  down  and 
examined.  In  these  not  a  single  needle  was  found,  and  irregular 
inclusions  were  scarce  and  ill-formed,  and  unaccompanied  by 
regular  inclusions,  such  as  we  find  in  the  local  granites.  Tliey 
were  referred  mostly  to  vein  quartz.     The  typical  inclusions  of 
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gneiss  are  absent  also.  Apart  from  the  schist  fragments,  of 
which  all  these  specimens  show  a  very  high  proportion,  the 
individual  quartz  grains  are  uniformly  smaller  in  size  than  the 
average  of  gneiss  or  granite-derived  quartz  particles.  In  con- 
firmation, too,  of  the  conclusion  just  arrived  at,  not  a  particle 
of  felspar  is  recorded  from  the  whole  group.  Now  it  is  certainly 
very  remarkable  that  all  these  specimens  found,  or  existing  under 
conditions  that  point  to  a  very  remote  antiquity,  should  be  quite 
unanimous  in  the  verdict :  "  No  gneiss,  no  granite."  We  cannot 
but  conclude  that  both  of  these  rocks  were  absent  from  the  area 
then  undergoing  denudation.  During  the  period  represented  by 
these  rocks  and  fragments  the  granite  of  Benrinnes  was  not  un- 
covered, for  the  Eothes  beds,  which,  with  the  exception  of  the 
small  outlier  at  Dufftown,  are  the  nearest  of  the  LO.R  formation 
to  the  present  mountain,  give  no  indication  of  the  waste  of  its 
granite. 

If  denudation  of  this  granite  had  been  going  on,  it  would  be 
very  odd  indeed  if  some  of  its  waste  did  not  reach  the  Eothes 
area,  and  the  view  now  taken  is  confirmed  by  what  we  find  in  the 
ascending  series  of  the  L.O.R  beds.  In  these  granite  b^ins 
very  gradually  to  appear;  in  fact  in  the  very  earliest  it  is 
sometimes  difficult  to  be  certain  that  it  is  represented  at  all. 
The  next  ten  determinations  show  an  average  of  three  acicular 
and  six  irregular  inclusioned  grains  in  100  grains  of  quartz. 
This  is  higher  than  the  average  ratio  of  the  gneiss  and  schist 
series  alone.  We  may  therefore  conclude  that  granite  is  present. 
Indeed,  fragments  of  granite  occur  in  some  of  the  upper  beds 
of  the  series.  But  it  will  be  observed  that  the  granitic  ratio  of 
this  series  of  beds  does  not  correspond  to  the  typical  eastern  or 
Benrinnes  ratio.  It  has  the  opposite  character  of  the  irregular 
grains,  predominating  in  numbers  over  the  acicular.  It  was 
long  held  as  a  sort  of  convenient  hypothesis  that  this  might 
represent  the  waste  of  another  granite,  but  this  merely  as  a 
possible  explanation  of  the  peculiarity  shown  by  these  beds. 
But  in  my  last  traverse  of  the  area  I  came  across  some  crumbling 
fragments  of  granite  in  the  conglomerate  on  the  Auchinroath 
Bum.  Several  of  these  were  easily  identified  as  belonging  to 
the  Glengrant  granite  (which,  for  more  than  one  reason,  I 
believe  to  be  the  very  oldest  granite  to  be  found  in  situ  in  the 
neighbourhood).  Its  locus  is  not  a  mile  distant  from  the  spot 
where  these  fragments  were  found.  But  along  with  these  was 
a  gray  variety  which  puzzled  me.  It  did  not  correspond  in  it«? 
characters  to  any  of  the  local  granites;  and  when  its  quartz 
particles  were  evaluated,  it  gave  the  formula  Rg^,  A^g,  Ig^,  Nj-j, 
thus  differing  very  considerably  from  any  of  the  observed 
granitic  ratios.     Was  this,  then,  an  actual  chip  of  the  palffio- 
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granite,^  whose  existence  had  formerly  been  believed  in  simply 
as  a  convenient  myth  ?  Where  did  or  does  the  present  rock 
lie,  and  have  we  any  hope  of  discovering  it  ?  are  questions  that 
naturally  suggest  themselves,  but  to  which  we  are,  at  the  present 
moment,  without  hope  of  definite  answer.  The  single  exception 
to  this  ratio,  observed  in  beds  believed  to  belong  to  this  division 
of  LO.R,  is  the  small  outlier  at  DuflPbown,  which  shows  the 
Benrinnes  ratio.  Its  proximity  to  the  Ben  would  be  sufficient 
explanation  of  the  earlier  appearance  of  the  granitic  waste  of 
that  mountain  here.* 

When  we  pMs  upwards  in  the  series  beyond  the  fish  beds 
of  Tynet  and  Dipple,  the  suddenness  with  which  the  normal 
Benrinnes  ratio  manifests  itself  is  indeed  phenomenal,  and  from 
the  horizon  indicated  to  the  top  of  the  LO.R  series,  this  ratio 
obtains  in  every  bed  that  has  been  examined.  It  will  thus  be 
seen  that  the  LO.R  beds  fall  naturally  into  three  divisions. 

1.  A  very  early  one,  represented  now  by  only  a  few  beds 
in  gUu ;  but  judging  from  the  sandstone  fragments  scattered 
through  the  LO.R,  once  much  more  extensively  developed, 
largely  removed  by  denudatioti  in  very  early  O.R  times,  and 
characterised  by  the  absence  of  any  indication  of  the  presence 
of  granite  or  gneiss  in  the  area  from  which  its  detritus  was 
derived. 

2.  A  period  represented  by  beds,  extending  upwards,  from 
what  has  hitherto  been  considered  the  base  of  the  LO.R,  to  the 
fish-beds  of  Tynet  and  Dipple,  and  characterised  by  the  waste  of 
a  granite  or  granites,  other  than  those  now  undergoing  de- 
nudation in  the  area,  and 

3.  A  period  represented  by  the  beds  between  the  fish  bed 
and  the  top  of  the  series,  and  which  is  characterised  by  the 
waste  of  the  granites  now  in  evidence. 

It  is  not  contended  that  the  Benrinnes  type  of  granite  does 
not  appear  in  the  intermediate  period,  or  that  the  Palaeogranite 
does  not  extend  into  the  closing  period  of  LO.R  times.  The  pre- 
dominance of  the  one  granite  in  the  one  period  and  of  the  other 
in  the  succeeding  is  the  point  insisted  on. 

'  Altogether  four  fragments  of  this  granite  have  been  examined  all  from 
Auchinroath.  Running  through  one  of  them  was  a  band  of  quartzite,  so  that 
like  a  number  of  the  intrusive  rocks  of  this  locality  it  has  probably  been  in- 
truded along  the  quartzite-schist  boundary  line.  It  contains  both  muscovite 
and  biotite.  I  have  no  hesitation  in  referring  to  it  the  beautifully  banded 
white  orthoclase  fragments  seen  in  both  the  L.O.R.  and  U.O.R.  beds  of  the 
Elflin  area. 

^  As  fragments  of  the  local  granites  ai*e  found  in  the  basal  conglomerates  of 
the  O.R.  further  west,  we  must  conclude  that  either  (1)  these  granites  (Arddach 
and  Einsteary,  &c.)  are  older  than  the  Benrinnes  granite,  or,  alternatively,  (2) 
that  the  first  manifestations  of  the  O.R.  in  Eastern  Moray  are  of  earlier  date 
than  the  basal  beds  to  the  west. 
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Coming  to  the  U.O.R  beds,  we  find  again  a  series  of  sub- 
divisions ;  but  here,  it  may  be  remarked,  the  microscope  only 
confirms  and  supports  the  naked  eye  examination  of  these  rocks. 
The  differences  are  evident  on  inspection,  and  four  divisions  are 
very  easily  differentiated  in  the  U.O.E.  of  Elgin.  We  have — (1) 
first  the  Scaat  Craig  division,  with  which  the  Asterolepis  or 
King's  Steps  series  of  Nairn,  may  be  ranked.  Indeed,  the  latter 
may  be  conveniently  placed  as  an  independent  subdivision.  In 
some  of  their  numbera  these  two  came  out  very  close  together 
and  though  the  difference  introduced  by  the  eastern  and  western 
granitic  ratios  raises  an  element  of  doubt,  this  result  would  tend 
to  support  the  contention  that  the  Asterolepis  beds  are  at  the 
very  tottom  of  the  U.O.E.  of  Nairn.  Scaat  Craig  has  frequently 
been  considered  a  sort  of  palseontological  no  man's  land  between 
L.O.E.  and  U.O.E.  territory  proper.  Here  the  waste  of  western 
granites  has  not  made  its  appearance,  at  least  to  any  marked  ex- 
tent;  but  in  the  insoluble  residues  of  the  (2)  New  Elgin  Comstone, 
which  forms  the  second  subdivision  of  the  series,  it  appears  in 
abundance.  This  is  the  only  division  in  which  the  irregular  inclu- 
sions predominate  in  numbers  over  the  acicular,  and  tJiis  stratum 
representing,  as  it  does,  the  period  of  maximum  depression,  shows 
the  highest  relative  proportion  of  granitic  waste,  and  the  highest 
percentage  of  felspar.  One  specimen  examined  showed  as  much 
as  48  per  cent,  of  felspar  fragments  in  its  insoluble  residue,  and 
these  were  in  large  proportion  derived  from  the  zoned  plagio- 
clases  of  the  western  granites.  The  high  proportion  of  felspar 
in  this  division  suggests  the  possibility  of  impure  limestones, 
l>eing,  in  some  cases  at  least,  largely  derived  from  the  disintegra- 
tion of  felspars.  The  next  (3)^  subdivision,  embracing  the  rough 
beds  of  Newton  Alves  and  Cloves,  can  be  seen  at  a  glance  to  be 
nothing  but  transported  granitic  debris ;  and  at  Newton  in  parti- 
cular flakes  of  the  large  red  felspars  of  the  western  granites  are 
conspicuous  and  abundant  The  table  shows  that  these  beds  are 
evidently  a  mixtui^e  of  the  waste  of  both  Eastern  and  Western 
Granites.  The  U.O.E.  series  of  Elgin  is  closed  by  (4)  a  group  of 
very  fine-grained  light-yellow  Sandstones,  shown  in  Eosebrae, 
Oakbrae,  Hospital,  Laverockloch  and  Bishopmill  Quarries.  What 
strikes  us  most  forcibly  regarding  these  is  the  all  but  total  coin- 
cidence of  the  numbers  representing  them  in  these  columns  with 
the  numbers  representing  the  Eeptilifeix)us  Sandstones  which 
succeed  them.  This  inquiry,  therefore,  makes  for  establishing  a 
fourfold  division  of  the  U.O.E.  series  of  Elgin.  It  may  also  be 
stated  that  some  such  division  is  suggested  by  the  fact  of  the 

^  I  have  since  come  to  the  coDcluslon  that  the  order  of  (2)  and  (3)  should  be 
transposed. 
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existence  of  essential  diflferences  in  the  fossil  fauna  of  the  different 
beds  of  the  series. 

On  all  sides  it  would  appear  the  question  of  the  succession  of 
the  Elgin  Sandstones  is  beset  with  the  very  greatest  difficulties. 
Specimens  from  the  slab  of  the  Holoptychius  found  at  Cutties- 
hilloek,  and  from  the  slab  of  the  Oordonia  Duffiana  from  the 
same  quarry — we  could  not  possibly  come  nearer  the  dividing 
line  on  either  side  than  that — the  one  being  naturally  supposed 
to  lie  just  below,  the  other  just  above  the  supposed  junction, 
gave : — 

Holoptychius  Xdbilissimus  K.2g  A^j  \  N^^;  size,  -002 — -008 

inches  :  very  fine  grained. 
Gordonia  Duffiana,  Egj  Aj^  I^  Ng^ ;  size,    003 — 05  inches : 

rough  grained  sandstone. 

Not  much  comfort  from  these ! 

It  may  be  affirmed,  however,  with  some  confidence  that  the 
various  classes  of  sand  grains  which  had  been  appearing  in 
stra^ling  parties  in  the  LO.R.  beds  below,  fall  into  unbroken 
lines  at  Scaat  Craig,  that  new  classes  appear  there  or  in  the 
lieds  immediately  succeeding,  and  continue  right  through  the 
Upper  Old  Red  and  Reptiliferous  Series,  that  no  new  class  at  least 
of  obtrusive  characters  appears  at  Cuttieshillock  for  the  first  time, 
and  that  none  of  the  old  classes  disappear  at  that  horizon.  Now, 
taking  this  and  the  fact  of  the  all  but  total  coincidence  of  the 
numbers  in  the  several  columns  representing  both  the  closing 
division  of  the  U.O.R.  and  the  Reptiliferous,  we  can  come  to  but 
one  conclusion,  and  that  is,  that  the  areas  undergoing  denuda- 
tion were  practically  co-extensive  during  the  two  periods.  This, 
though  it  very  strongly  suggests,  does  not  absolutely  imply  con- 
tinuity of  the  land  surface.  A  period  of  elevation  or  subsidence 
might  be  followed  by  a  return  of  the  old  land  area  to  practically 
the  same  Wvel.  But  that  would  be  more  likely  to  occur  after 
a  short  than  after  an  extended  interval.  I  cannot,  however,  in 
the  face  of  what  I  believe  to  be  evidence  of  discordance  between 
the  two  series,  both  at. Lossiemouth  and  Cuttieshillock,  continue 
to  advocate  continuity  of  conditions.  But  all  the  evidence  we 
have  goes  to  show  that  the  intervening  period  was  probably  much 
shorter  than  is  generally  supposed.  The  fact  that  the  U.O.R 
Wsof  Elgin  can  be  divided  into  several  groups,  characterised  by 
essential  diflferences  in  their  fossil  contents,  would  itself  mark  out 
a  longer  interval  of  time  for  the  U.O.R,  and  by  implication  would 
indicate  a  corresponding  shortening  of  the  interval  between 
U.O.R.  and  Reptiliferous  times.  When,  however,  we  look  at 
the  particles  that  make  up  the  latter  set  of  beds  a  little  more 
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closely,  what  strikes  us  as  peculiar  is  the  singular  rounding  of 
their  individual  grains  (Fig.  2,  plate  19),  and  this,  coupled  with 
the  low  percentage  of  felspar  they  show,  lower  even  than  the 
closing  series  of  the  U.O.R,  gives  reason  for  strongly  suspecting 
some  alteration  in  the  conditions  of  deposit.  I  see  no  way  of 
accounting  for  this  peculiarity  of  the  sand  grains  of  the  Elgin 
Eeptiliferous — and  it  is  no  new  observation  on  Sandstones  of 
Tnassic  Age — except  on  the  assumption  that  these  beds  were 
largely — not,  however,  exclusively  accumulated  by  the  agency  of 
wind,  just  as  the  Culbin  Sands  have  been  and  are  being  accumu- 
lated at  the  present  day  under  the  same  agency — ^that  the 
Eeptiliferous  beds  are,  in  fact,  simply  the  Culbins  of  an  earlier 
day. 

It  would  be  a  very  nice  and  very  "  pat "  explanation  of  the 
concordance  of  the  results  of  the  two  series  to  suppose  that  the 
Eeptiliferous  beds  are  simply  the  disintegrated  wind-swept 
debris  of  the  U.O.E.  beds  below.  If  that  were  so,  we  should 
naturally  expect  the  average  size^  of  the  grains  to  be  smaller 
than  the  grains  of  the  U.O.R  beds.  Unfortunately  for  the 
theory,  with  the  exception  of  the  Findrassie  and  Spynie  beds, 
they  are  invariably  larger.  One  way  out  of  the  difficulty  would 
be  to  suppose  that  the  U.O.E.  beds  yielding  the  Eeptiliferous 
Sandstones  were  of  larger  grain  than  the  beds  now  remaining, 
and  two  observations  may  be  recorded  in  support  of  this 
position.  These  are — (1)  The  absence  of  the  Eosebrae  division 
of  the  U.O.E.  to  the  west  of  Alves,  from  which  direction  the 
Eeptiliferous  Sands  would  naturally  be  blown;  (2)  the  greater 
j&neness  of  grain  of  the  Sandstones  of  the  Eeptiliferous  division 
at  Findrassie,  Spynie,  and  also  at  the  base  at  Lossiemouth.  In 
this  respect  of  increasing  fineness  of  grain,  as  the  deposits  are 
traced  from  west  to  east,  it  will  be  found,  I  believe,  that  the 
present  Culbins  also  correspond.^ 

The  analyses  of  the  different  beds  of  the  Eeptiliferous  series 
give  no  indication  of  a  possible  subdivision  into  groups,  as  in  the 

Av. 

1  Size,  average  of  grains  of  U.O.R.,  -003— '015  or  '009, 
„  Rep.,       -003— -022  or -013. 

^  The  existence  of  sand  dunes  similar  to  the  present  Culbin  Sands  along  the 
margin  of  the  U.O.  R.  basin  is  suggested  J)y  the  singular  rounding  of  many  of  the 
grains  in  the  sandstones  of  Scaat  Craig  ;  the  insoluble  particles  of  the  Comstone 
residue  are  more  rounded  still,  and  In  the  upper  beds  from  time  to  time  we  come 
across  zones  of  fairly  rounded  grains.  These  we  might  suppose  were  either  blown 
directly  from  the  land  surface,  or  were  washed  down  by  rivers  from  sand  dunes 
encircling  the  U.O.R.  lake.  There  is  little  or  no  eviaence  of  rounding  of  the 
individual  grains  in  any  part  of  the  L.O.R.  beds  (Fig.  I,  plate  19)  yet  examined ; 


and  it  is,  indeed,  certainly  highly  remarkable  that  grains  from  the  Netherly 
diorite  are  found  quite  angular  at  Gollachy,  in  the  L.O.R.  fourteen  miles  as 
the  crow  flies  from  their  parent  rock,  while  grains  from  the  same  source  are 


found  at  Scaat  Craig  U.O.R.  beautifully  rounded,  at  a  distance  of  less  than  five 
miles  from  their  original  home. 
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fonnations  below,  though,  to  judge  from  the  peculiar  distribution 
of  their  fossil  contents,  we  are  not  without  hope  that  such  result 
maj  one  day  be  attained.^ 

These  are  some  of  the  conclusions  which  a  survey  of  the 
results  hitherto  obtained  would  seem  to  warrant.  Tfliere  are 
others  no  less  interesting  which  might  reasonably  be  drawn  from 
them,  but  this  paper  is  already  too  long,  and  I  will  now  stop  to 
notice  only  two  generalisations  derived  from  the  analyses  of 
recent  deposits — (1)  In  virtue  of  the  diflFerence  of  the  eastern 
and  western  granitic  ratios,  this  method  gives  promise  of  enabling 
us  to  trace  the  movements  of  the  ice  sheet  over  Eastern  Moray 
during  the  later  phases  of  the  glacial  period  with  a  precision 
that  was  before  impossible.  The  evidence  derived  from  this 
source  in  no  particular  contradicts  the  evidence  derived  from 
the  dispersal  of  erratics  or  the  direction  of  glacial  striae  on  the 
rock  surfaces,  but  has  invariably  been  foimd  to  confirm  and  be 
confirmed  by  such  observations.  If  we  plot  in  red  dots  on 
a  map  all  the  observations  in  which  the  eastern  granitic  ratio 
has  been  found  to  prevail,  and  in  blue  dots  all  the  observations 
in  which  the  western  ratio  has  been  found  to  hold,  it  will  be 
seen  that  the  red  dots  centre  round  and  radiate  from  Ben- 
rinne^,  and  the  area  in  which  granite  veins  of  that  system 
prevail  Shorewards  we  have  a  broad  selvage  of  blue  dots,  suc- 
ceeded again  by  a  red  one  along  the  sea  margin.  The  blue  dots 
in  this  area  mark  the  general  march  of  the  ice  from  the  west, 
while  the  sea  sand,  it  would  appear,  takes  after  the  prevailing 
ratio  of  the  sandstones  along  the  coast.  Towards  Elgin  there  is  a 
protrusion  of  red  dots  as  if  due  to  the  advance  of  a  local  Ben- 
rinnes  glacier  towards  the  close  of  the  ice-age.  Along  Glen 
Iiothes  to  the  Barron's  Craig,  just  west  of  Eothes,  a  line  of  blue 
•lots  obtains.  This  is  in  harmony  with  what  we  know  from 
the  erratics  which  the  boulder  clay  here  contains,  fragments  of 
Upper  Old  Red  Sandstone  and  also  of  the  New  Elgin  Comstone 
having  been  observed  in  it.  Again  there  is  evidence  derived 
from  the  sand  grains  alone,  that  during  some  phase  of  the  glacial 
period,  the  ice  moved  from  a  point  on  Hunt  Hill  straight  up 
the  valley  of  the  Fiddich  towards  DufiFtown, — ^grains  from  the 
(1)  Netherly  diorite,  from  the  (2)  granite  vein  in  the  diorite,  and 
(?»)  the  sUlimanite  zone  having  all  been  found  in  the  sands  of 
the  Lower  Fiddich. 

(2)  The  other  generalisation  was  only  observed  in  drawing  up 
the  tables  for  the  present  paper.  It  lies  in  the  apparent  diminu- 
tion in  the  numbers — I  say  "  apparent "  because  some  further 
confirmation  is  perhaps  desirable — of  grains  containing  irregular 

^  The  Cuttieshlllock  area  is  quite  cut  off  from  the  other  local  rocks  of 
TriuBic  Age  (Findrassle  and  Spynie)  by  a  rim  of  U.O.R.  rocks  all  round. 
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inclusions  under  the  influence  of  continued  attrition  of  the  sand. 
Kote  the  large  number  in  the  river  sands,  which  average  18  per 
cent.  These  go  down  to  6  per  cent,  in  the  sea  sand.  In  the  Culbin 
sand  we  have  15  per  cent.,  compared  with  the  23  and  24  of  the 
rivers  Findhorn  and  Nairn,  from  which  we  have  reason  to  believe 
they  have  in  lai'ge  part  been  derived.  Further  east  at  Buighead 
the  same  agency  has  sent  them  down  to  3  per  cent.  The  Rep- 
tiliferous  sandstones  again  where,  as  we  have  seen,  we  have 
reason  to  suspect  the  influence  of  the  same  agency,  show  rela- 
tively the  smallest  number  of  irregular  inclusions  in  the  whole 
group  of  sandstones.  Now,  why  should  this  be  ?  If  you  call  to 
mind  that  these  inclusions  which  are  often  present  in  immense 
numbers  are  full  of  gas  and  fluid  under  high  pressure,  you  will 
be  able  to  appreciate  the  eflfect  of  sudden  changes  of  tempera- 
ture on  thein.  These  grains  will  be  subjected  to  rapid  changes 
of  internal  strain,  which  is  at  all  times,  no  doubt,  very  great,  and 
this  we  would  naturally  conclude  would  have  a  material  l>earing 
on  the  life  period  of  this  particular  class  of  grains.  When  again 
we  take  into  account  their  necessarily  slightly  lower  specific 
gravity,  and  the  greater  hold  which  their  surfaces  in  virtue  of 
their  cellular  state  would  at  all  stages  of  their  disintegration 
afford  for  the  levers  of  disintegrating  agencies,  it  will  be  obvious 
that  as  compared  with  particles  of  solid  quartz  their  chances  of 
reaching  a  ripe  old  age  would  be  but  small  We  have  there- 
fore good  reasons  for  believing  a  priori  that  such  grains  are  more 
liable  than  grains  of  other  classes  to  be  broken  up  and  so  to  dis- 
appear as  tangible  entities  from  our  results.  A  specimen  of  sand 
I  have  from  South  Africa  from  the  peculiar  fissured  arrange- 
ment seen  in  many  of  its  grains  gives  colourable  ground  for  be- 
lieving that  some  such  process  is  actually  at  work.  We  have 
some  evidence  then  that  even  among  sand  grains  the  law  of 
"  survival  of  the  fittest "  prevails. 

Such  so  far  is  the  story  of  the  sand-grains.  We  have  been 
engaged  to-night  in  making  an  excursion  into  a  new  and  com- 
paratively unexplored  field.  We  have  in  fact  been  engaged  in 
a  search  with  the  microscope  for  the  land  surface  of  an  earlier 
day,  and  like  the  old  law-giver  with  the  land  of  promise  we  may, 
I  think,  safely  say  we  have  seen  it  from  afar.  If  there  is  one 
impression  stronger  than  another  with  which  one  returns  from 
the  survey  it  is  a  heightened  conception  of  the  immensity  of 
geological  time.  As  we  trace  these  ancient  sediments  back  to 
the  crystalline  rocks  from  which  they  were  originally  derived, 
the  two  grand  correlatives  of  geological  change----disintegration 
and  redisintegration — come  home  to  us  with  a  vividness  and 
reality  never  before  attained,  and  if  before  we  were  assured  of 
the  truth  of  the  grand  principle  of  the  conservation  of  energy  we 
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ai'e  now  no  less  convinced  that  there  is  in  nature  also  a  great 
conservancy  of  matter. 

Far  away  in  early  Old  Red  times  we  catch  a  glimpse  of  an  old 
land  surface,  overlying  what  is  no  doubt  a  land  surface  still, 
but  the  rocks  immediately  below  it  are  very  different  from 
those  that  now  occupy  the  same  ground.  Slowly  the  denuding 
agencies  remove  this  primeval  crust  and  reveal  another  class  of 
rocks.  Stretches  of  granite  and  gneiss  gradually  appear,  and 
are  carved  into  mountain  and  valley ;  land-surface  succeeds 
land-surface ;  valley  gives  place  to  valley  ;  but  the  old  mountain 
has  a  strange  persistency,  and  remains  a  type  of  permanency 
in  the  midst  of  change. 

Behind  all,  but  ever  present  to  the  mind,  has  been  the  cease- 
less sifting  of  the  sands  in  river,  in  lake,  in  sea.  The  dust  of 
the  old  lands  has  been  built  into  the  new.  We  have  taken 
these  tiny  fragments — witnesses  of  a  venerable  past — and  asked 
them  to  tell  us  something  of  the  ancient  world  which  they 
beheld.  Their  story  you  have  heard,  and  wonderful  as  an  old 
fairy  tale  it  has  been. 
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XXIV. — Note  on  the  Occun^ence  of  Vivianite  in  an  Old  Lake  Bed 
at  CatUdhame,  near  Linlithgow.  By  Henry  M.  Cadbll, 
B.Sc.,F.RS.E,  F.G.S.,  Hon.  Sec. 

(Read  7th  May  1896.) 

Ix  the  spring  of  1896  some  field  drains  were  cut  in  the  flat 
hollow  at  the  head  of  the  Haugh  Bum,  between  Canldhame  and 
Parkly  Craigs,  1^  miles  S.E.  of  Linlithgow.  The  excavations 
were  not  deeper  than  8  or  4  feet,  but  they  showed  that  this 
hollow  was  once  occupied  by  a  peat  moss,  and,  no  doubt,  by  a 
small  lake  at  an  earlier  date.  Numerous  bones  were  dug  up, 
one  of  which  proved  to  belong  to  the  leg  of  a  red  deer,  and  others 
to  sheep  that  had  been  "bogged  "  in  former  times,  while  it  was 
reported  that  stags'  horns  had  also  been  got  here,  showing  that 
deer  were  once  abundant  in  the  district.  What  was,  however, 
more  interesting  geologically  was  the  occurrence  of  a  consider- 
able quantity  of  brilliant  light  cobalt  blue  vivianite  (phosphate 
of  iron)  which  was  found  coating  the  bones  and  pieces  of  stone, 
as  well  as  mingling  with  the  earth  and  peat.  This  mineral  is 
not  common  hereabouts,  so  far  as  I  have  heard,  and  is  due,  no 
doubt,  to  the  decomposition  of  the  bones  and  the  combination  of 
their  phosphorus  with  the  iron  in  the  surrounding  peat  moss. 
The  vivianite  must  have  been  produced  so  as  to  thoroughly  im- 
pregnate the  soil,  and  on  breaking  open  the  fragments  of  rock 
thrown  out  of  the  excavation  their  joints  were  seen  to  be 
covered  with  a  thin  film  of  the  blue  mineral,  specimens  of  which 
have  been  brought  for  exhibition  to  the  Society. 
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XXV.— Some    Geological    Features  of  the    Coast  of    Western 
Australia.     By  Heney  M.  Cadell,  B.Sc.,  F.RS.E,  F.G.S. 

(Bead  16th  April  1896.) 

DuBiNG  a  visit  to  the  Pilbarra  gold  field  of  Western  Australia, 
in  July  and  August  1895, 1  had  some  opportunity  of  studying 
in  a  very  cursory  way  the  geological  features  of  parts  of  the 
N.W.  coast-line  of  that  litde  frequented  region.  The  geology  of 
Western  Australia  is  very  imperfectly  known  as  yet,  the  great 
majority  of  the  visitors  being  interested  only  in  the  search  for 
the  precious  metal,  and  caring  nothing  for  the  pursuit  of  science 
apart  from  the  money  value  that  may  attach  to  it  The  vast 
size  of  Western  Australia,  the  inaccessibility  of  the  interior,  and 
the  want  of  water  will  always  stand  in  the  way  of  extensive  ex- 
ploration,  and,  indeed,  so  far  as  my  observations  go,  the  greater 
part  of  the  colony  is  never  likely  to  repay  the  trouble  of  explora- 
tion,  as  most  of  it  is,  apart  from  the  gold-bearing  reefs,  quite 
unsuited  for  colonising  enterprise  of  a  permanent  kind.  This 
conclusion  may  give  oflfence  to  many  people  whose  interest  it 
is  to  belaud  the  resources  of  the  colony,  but  anyone  who  dis- 
putes my  conclusions  has  but  to  turn  to  the  map  for  a 
moment  and  note  the  physical  features  of  the  region,  so  far  as 
these  have  been  made  known  to  us  geographically. 

Western  Australia  has  an  area  of  about  976,000  square  miles, 
and  is  as  large  as  the  continent  of  Europe  outside  of  Italy  and 
Kussia,  with  a  coast-line  of  about  3500  miles,  and  yet  there  is 
not  a  single  river  of  any  size  in  all  this  vast  area.  This  proves 
incontestably  that  there  is  in  the  interior  almost  no  rainfall,  and 
that  there  can  be  no  high  continental  ranges  covered  with  per- 
petual snow,  so  that  without  any  further  exploration  it  is  clear 
the  interior  is  little  better  than  a  vast  desert,  about  as  suitable 
for  a  permanent  population  as  the  great  Sahara.  So  far  as  is 
actually  known  by  exploration  the  interior  is  a  waterless,  sandy 
plateau,  with  low  ridges  of  sand  or  rock,  and  depressions  here 
and  thei«  occupied  by  saline  marshes,  lakes  of  brine,  or  deposits 
of  white  salt. 

Tlie  so-called  rivers  are  mostly  insignificant  streams,  many  of 
which  are  nearly  dry,  unless  during  the  rainy  season,  and  the 
inland  lakes  shown  on  the  maps  are,  like  all  lakes  that  have  no 
outlet,  such  as  the  Dead  Sea  and  the  Great  Salt  Lake  of  Utah, 
intensely  salt  and  undrinkable  while  they  contain  any  water. 
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and  when,  as  is  often  the  case,  they  have  not  been  replenished 
by  recent  rains,  their  beds  are  covered  by  a  sheet  of  white  salt 
I  am  speaking  generally  just  now,  as  I  do  not  wish  to  assert 
that  every  part  of  the  colony  is  equally  sterile.  Two  parts  of 
Western  Australia  have  adequate  rainfall  for  the  growth  of 
fairly  luxuriant  vegetation,  namely,  the  S.W.  comer  between 
Geraldton  and  Albany,  ranging,  roughly  speaking,  between  29** 
and  35**  S.  lat,  where  the  rainfcdl  is  at  places  about  40  inches; 
and  the  Kimberley  district,  in  the  extreme  northern  or  tropical 
part  of  the  colony,  between  14'*  and  17'  S.  lat.  The  mountain 
ranges  are,  for  such  a  great  country,  low  and  insignificant,  and 
none  of  the  summits  which  are  near  enough  the  coast  to  be 
accessible  reach  a  height  of  3500  feet  Some  of  the  highest 
ranges  are  said  to  be  in  the  northern  part  of  the  interior,  and 
are  estimated  to  rise  6000  to  7000  feet  above  the  sea  level ;  but 
as  the  country  slopes  gradually  upwards  towards  their  bases, 
they  do  not  present  an  imposing  appearance.  Volcanoes  are 
unknown,  and  every  indication  points  to  a  long  period  of  remark- 
able geological  quiescence  all  over  this  part  of  Australia.  Mr 
H.  P.  Woodward,  F.6.S.,  lately  the  Government  geologist,  thinks 
that  this  state  of  matters  has  lasted  from  the  Carboniferous  or, 
even  at  some  places,  from  an  earlier  date,  and  there  is,  so  far  as 
I  have  been  able  to  ascertain,  no  reason  to  doubt  that  the  in- 
terior is  a  very  ancient  plateau  largely  composed  of  crystalline 
or  palaeozoic  rocks,  which  have  for  ages  been  subjected  to  con- 
tinued sub-aerial  denudation. 

The  effect  of  prolonged  atmospheric  erosion  is  to  reduce  the 
surface  to  a  flat  or  undulating  plain,  and  if  the  rocks  are 
porous,  so  that  water  and  air  can  sink  down  and  decompose 
them,  the  upper  part  of  the  crust  loses  its  original  character 
and  becomes  soft  and  rotten  to  a  considerable  depth.  This  is 
found  to  be  the  case  in  many  of  the  goldfields,  where  the 
original  rock  is  so  decomposed  at  the  surface  that  its  true 
lithological  character  cannot  always  be  determined.  The  quartz 
reefs,  being  quite  indestructible,  remain  hard  and  strong,  and 
if  large  often  pi-oject  above  the  flat  country,  and  form  con- 
spicuous "  blows "  or  land-marks  like  the  outcrop  of  some  of 
our  own  basalt  dykes.  Strange  to  say,  however,  although  this 
rotting  extends  to  depths  of  100  feet  or  more  at  some  places, 
there  are  to  be  seen  at  other  places  outcrops  of  rock,  apparently 
of  the  same  kind,  which  are  perfectly  fresh,  with  hardly  any 
weathered  skin  at  all.  I  had  not  much  opportunity  of  investi- 
gating this  interesting  subject,  but  one  point  has  occurred  to 
me  as  worthy  of  attention  here  in  connection  with  the  study 
of  glacial  erosion. 

It  has  long  ago  been  suggested  that  the  areas  of  Europe  and 
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North  America,  consifiting  chiefly  of  crystalline  rocks,  had 
become,  before  the  glacial  period,  decomposed  to  considerable 
depths,  so  that,  when  subsequently  overspread  and  eroded  by 
continental  or  valley  glaciers,  the  rotted  parts  could  be  easily 
scooped  out  into  lake  basins.  Now  take  the  case  of  Western 
Australia,  which  has  probably  never  been  glaciated,  but  whose 
rocks  in  many  cases  are  identical  in  character  with  those  of 
the  Scottish,  Canadian,  or  Scandinavian  metamorphic  areas. 
If,  let  us  suppose,  the  West  Australian  deserts  were  to  be 
elevated  several  thousand  feet  to  near  the  snow  line,  so  that 
large  glaciers  would  flow  from  the  snow-covered  plateaux  of 
the  interior,  the  pressure  and  friction  of  the  ice,  if  it  operatetl 
on  the  rocks  at  all,  would  produce  far  quicker  results  on  the 
soft  rotten  parts  than  on  the  hard  knobs  and  ridges,  and  the 
depth  of  the  decomposition  would  be  the  prime  factor  at  first 
in  determining  the  configuration  of  the  solid  rock  surface  under 
the  ice.  If  the  ice-cap  were  now  removed,  tlie  whole  country 
would  be  found  to  consist  no  longer  of  a  perfectly  flat  plain 
with  low  liills  projecting  here  and  tliere,  but  of  a  hummocky 
uneven  tract  of  rough  country,  with  here  and  there  a  knob 
higher  than  the  rest,  just  like  the  "  Ceathramh  Gharbh  '*  or 
Rough  Quarter  in  the  gneiss  plateaux  of  the  west  of  Sutherland. 
The  denudation  of  the  gneiss  plateau  of  Sutherland  is  an  in- 
teresting problem,  and  although  I  do  not  mean  to  assert  that 
the  whole  explanation  of  the  general  rough  uniformity  of  the 
"  gneiss  billows  "  is  to  be  found  in  Western  Australia,  it  seems 
to  me  that  there  may  be  something  worth  considering  in  the 
suggestion  I  have  thrown  out.  The  recent  erosion  in  Scotland 
has  been  greatly  modified  by  glacial  action,  and  it  is  interesting 
to  try  to  picture  to  the  mind  the  probable  condition  of  large 
parts  of  what  are  now  drift-covered  regions,  during  Tertiary 
times  after  long  exposure  te  the  air  before  glacial  conditions 
set  in. 

There  are,  however,  many  points  of  diflerence  between  our 
climate  and  that  of  Australia,  and  thus  it  is  not  safe  to  draw 
too  many  conclusions  from  a  comparison  between  these  far 
distant  lands.  For  example,  the  range  of  temperature  between 
night  and  day  is  very  great  in  the  tropical  part  of  West  Australia. 
My  visit  was  in  the  "  cold  weather,"  when  the  midday  tempera- 
ture was  not  much  over  90  degrees  in  the  shade.  We  camped 
out  in  the  open  air,  sleeping  on  the  bare  ground  with  the 
Southern  Cross  sparkling  above  our  heads,  and  when  we  lay 
down  at  dusk  a  light  enough  covering  could  scarcely  be  found 
to  throw  over  us.  Before  simrise,  however,  when  the  camp  fire 
had  gone  out,  we  awoke  shivering  with  cold,  and  found  that 
the  temperature  had  fallen  some  40  or  50  degrees  perhaps 
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during  the  hours  of  darkness.  In  the  hot  weather  the  ther- 
mometer in  the  Piibarra  district  (which  is  within  the  tropics) 
often  rises  to  120  degrees  in  the  shade,  and  some  of  the  rocks 
become  so  hot  that  they  can  scarcely  be  touched  with  safety, 
while  all  the  water  in  the  wells  is  quite  tepid. 

It  is  therefore  clear  that  the  solvent  action  of  water  must  in 
such  circumstances  be  much  greater  than  it  is  in  temperate 
regions,  and  the  evaporation  at  the  surface  in  such  a  dry  climate 
must  be  also  very  rapid.  In  the  case  of  porous,  well-bedded 
or  fissured  rocks  containing  much  felspathic  matter,  the  de- 
composition is  no  doubt  greatly  accelerated  by  the  circulation 
of  warm  water  through  the  mass.  There  are  at  places  extensive 
deposits  of  travertine,  a  cream-coloured  or  white  magnesian 
limestone  or  calcareous  rock,  called  by  the  miners  "  opaline," 
in  which  gold  is  frequently  to  be  found.  This  is  no, doubt  a 
decomposition  product  derived  from  the  crystalline  rocks  below. 
The  upper  edges  of  the  schists  and  slates  often  become  wliite 
and  broken  up  a  few  feet  below  the  surface,  and  the  cracks 
are  partly  filled  by  this  "  opaline  "  deposit,  which  sometimes 
covers  up  the  outcrops  and  mingles  with  the  sand  and  gravel 
of  the  soil.  The  deposit  is  due  no  doubt  to  the  leaching  out 
of  the  lime  and  magnesia  by  slow  degrees,  and  to  the  evapora- 
tion of  the  solution  whenever  it  approaches  the  surface  of  the 
j^und  and  comes  within  the  direct  influence  of  the  fierce  solar 
rays. 

My  observations  were  confined  chiefly  to  the  coast  line 
between  Albany  and  Koeboume,  a  distance  of  about  1200  miles. 
At  various  places  I  made  excursions  a  short  distance  inland, 
the  longest  of  these  being  from  Cossack  to  Koeboume,  Mallina, 
and  the  surrounding  district,  some  thirty  miles  distant  from  the 
nearest  part  of  the  coast.  The  coast  line  at  Albany,  on  King 
George's  Sound,  is  of  gray  granite  and  gneiss,  which  rises  into 
low  rounded  hills  on  either  side  of  the  fine  harbour.  Albany  is 
a  well-sheltered,  pretty  little  place,  on  the  slopes  of  some 
rounded  granite  hiUs,  clad  with  a  beautiful  flora  of  mimosas, 
cycads  or  "  black  boys,"  brackens,  and  many  other  plants, 
and  it  may  be  mentioned  that  this  is  the  only  part  of  the  coast 
at  which  an  arm  of  the  sea  has  formed  a  natural  harbour  large 
enough  to  shelter  the  great  ocean  steamers  from  the  gales  of  the 
Southern  Ocean.  The  conspicuous  absence  of  natural  harbours 
on  its  long  and  exposed  coast-line  will  always  detract  from  the 
commercial  value  of  Western  Australia.  This  disadvantage, 
like  the  drouth  in  the  interior,  can  never  be  adequately  over- 
come, and  it  is  an  unfortunate  circumstance  that  the  original 
settlers  chose  Perth,  near  the  mouth  of  the  Swan  Eiver,  instead 
of  Albany,  on  King  Geoi-ge's  Sound,  for  the  capital  of  the  colony. 
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The  absence  of  natural  harbours  or  estuaries  opens  up  an 
interesting  subject  for  geological  discussion.  In  countries  such 
as  the  British  Isles  and  Scandinavia,  where  the  land  has  sunk 
within  Tertiary  or  Becent  times  so  as  to  partially  submerge  the 
ancient  river  systems,  the  sea  has  run  up  the  valleys  and  pro- 
duced abundant  harbours.  The  famous  harbour  of  Sydney  is 
due  to  a  local  submergence  of  this  kind,  and  indeed  it  is,  in 
non-volcanic  regions,  difficult  to  imagine  any  other  origin  for 
extensive  arms  of  the  sea.  Bivers  have  themselves  no  power  to 
deepen  the  sea-level  outside,  but  rather  a  strong  tendency  to  fill 
up  any  hollows  that  may  already  exist,  by  the  deposit  of  alluvium 
and  the  formation  of  deltas  at  their  mouths.  There  is,  in  con- 
sequence of  this,  a  fringe  of  littoral  deposits  being  constantly 
formed  round  the  margin  of  the  land,  and  if  the  coast  is  exposed 
to  the  tuU  force  of  the  waves,  these  deposits  are  increased  by 
the  detritus  worn  away  from  the  shore  by  marine  erosion. 
Should  a  slight  and  temporary  elevation  of  the  land  take  place, 
the  shelving  sea-bed  will  be  lifted  up  to  form  a  raised  beach  or 
bluff  facing  the  ocean,  but  should  the  upheaval  be  continuous 
and  slow  the  land  will  simply  slope  gradually  towards  the  sea 
without  producing  any  terrace-like  features  along  its  margin. 
It  is  cjear  in  such  circumstances  that  any  estuaries  which  may 
have  previously  existed  will  gradually  become  shallower  as  the 
sea-bed  rises,  and  will  finally  disappear,  leaving  the  coast-line 
free  of  indentations  of  any  importance. 

Now  tliis  is  what  seems  to  be  going  on  round  the  greater  part 
of  the  coast-line  of  Western  Australia.  The  absence  of  inlets  is 
only  a  negative  proof  of  the  recent  upheaval  of  the  land.  The 
amount  of  elevation  has  not  been  very  great  altogether,  but 
tliere  is  clear  enough  positive  evidence  that  the  colony  is  really 
a  '*  rising  place  "  in  more  respects  than  one,  and  that  this  move- 
ment has  not  been  confined  to  the  Becent  period.  Nearly  all 
round  the  coast  there  may  be  observed  a  flat  fringe  of  sandstones 
and  limestones  containing  fossils  of  Tertiary  or  Becent  age. 
The  town  of  Perth  is  built  on  a  series  of  undulating  ridges  of 
stratified  sandbeds,  which  form  the  sloping  banks  of  the  Swan 
Eiver,  and  occasionally  produce  low  cliffs  along  its  edges. 
Between  Perth  and  Albany  the  country  is  chiefly  made  up  of 
granite,  gneiss,  and  other  crystalline  rocks,  against  which  the 
recent  coastal  beds  abut  directly,  but  50  miles  to  the  north  of 
Perth  a  broad  belt  of  Mesozoic  strata  begins,  trending  parallel 
to  the  coast  for  over  600  miles,  as  far  as  Onslow,  at  the  mouth 
of  the  Ashburton  Biver.  At  Shark's  Bay,  the  most  westerly 
part  of  Australia,  the  recent  strata,  which  here  form  a  plain 
extending  60  miles  inland,  have  at  places  been  cut  into  by  the 
waves  of  the  Indian  Ocean,  and  present  a  line  of  low  cliffs 
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rising  abruptly  from  the  sea.  Seen  in  sectio 
the  passing  ship  they  seem  to  rise  horizonta 
undulating  position,  and  to  be  yellow,  U 
red  in  hue.  The  red  b^ds  seem  to  be  the 
form  headlands  or  features  along  the  top  c 
the  lighter-tinted  strata  below  them  appeal 
more  easily  disintegrated.  Generally  there 
shelving  beach  at  the  base  of  the  bluffs,  whit 
dignifi^  with  the  name  of  "  ranges "  in  tl 
eminences  in  this  part  of  the  colony  that  a 
the  title.  The  vegetation  is  thin  and  scrubb 
trees  of  any  size  to  be  seen.  The  sea  outside, 
by  sharks,  is  shallow  and  full  of  shoals  an 
dangerous  to  navigation  of  vessels  of  any  si 
belief  among  sailors  seems  to  be  that  it  is  I 
shallower  all  along  the  western  coast.  In 
Fremantle,  the  port  of  Perth,  many  old  colon 
when  land  now  quite  dry  was  daily  covered  1 
the  necessarily  cursory  examination  I  was  a 
remained  in  my  mind  no  doubt  about  the 
the  coast,  and  tdl  the  evidence  went  t^o  ind 
upward  movement  is  still  in  progress.  ' 
Mesozoic  rocks,  fringed  by  strata  with  fossils 
those  still  living  outside,  shows  that  the  old  ] 
been  slowly  rising,  at  intervals,  perhaps,  sin< 
the  Tertiary  period.  At  Cossack  the  old  cry 
down  to  the  sea  and  form  a  rough,  ragged 
tered  islands  without  any  fringe  of  later  sti 
ever,  only  a  temporary  interruption,  as  the  c 
again  resumes  the  form  of  a  perfectly  flat,  Ic 
away  northward  for  500  miles  to  King  S 
palaeozoic  or  crystalline  rock  projecting  thn 
here  and  there.  Eaised  beaches  have  been  n 
at  Roebuck  Bay,  near  Broome,  on  the  18th  pa 
are  from  10  to  15  feet  above  the  present 
which  is  from  12  to  18  miles  wide  extend 
They  are  covered  with  salt  grass  and  sam 
recent  marine  shells.  The  whole  coast-line 
point  of  view,  barren  and  dismal  in  the  extre 
interesting  feature  to  redeem  its  flat  monot 
impression  of  sadness  and  disgust  that  is  h 
the  passing  traveller.  The  shores  of  the  Gi 
dry  and  treeless,  but  the  aspect  of  desolation 
per\'ading  that  ancient  wilderness  is  somew 
view  of  the  grand  peaks  of  the  Sinai  range  i 
this  part  of  Western  Australia  there  is  the  ti 


Digitized  by  VjOOQIC 


180  EDINBURGH  GEOLOGICAL  SOCIETY. 

sandy  wilderness,  inhabited  by  snakes  and  venomous  insects, 
and  the  same  warm  glittering  sea  dashes  on  its  borders,  but  not 
a  single  hill  raises  its  jagged  crest  to  break  the  line  of  the  dreary 
horizon,  and  the  wretched  little  shanty  villages  along  the  shore 
that  pass  for  towns  just  add  to  the  general  sadness  of  the  whole 
picture,  and  make  the  visitor  profoundly  thankful  that  it  is  not 
his  lot  to  drag  out  a  dreary  existence  in  such  a  region. 

Dismal  as  it  is,  the  coast  of  Westeni  Australia  is  not  wanting 
in  features  of  geological  interest.  The  theory  of  the  origin  of 
coral  reefs  and  atolls,  as  originally  propounded  by  Darwin, 
involves  the  supposition  of  the  subsidence  of  great  oceanic  areas. 
Now,  coral  reefs  and  atolls  are  abundant  in  the  ocean  round  the 
western  and  north-western  coast  of  Western  Australia,  and  if 
Darwin's  theory  is  to  be  accepted,  we  must  suppose  that  instead 
of  rising,  the  whole  of  this  area  is  slowly  sinking.  From  what 
has  been  said  it  is  evident  that,  on  the  contrary,  the  long  coast- 
line of  Western  Australia  is  steadily  rising,  and  has  been  on  the 
whole  moving  slowly  upwards  for  a  long  geological  period.  This 
is,  as  already  stated,  proved  by  (1)  the  flat  fringe  of  recent 
fossiliferous  rocks  round  the  coast ;  (2)  the  raised  beaches ;  (3) 
the  absence  of  natural  harbours;  (4)  the  observations  of  the 
older  inhabitants  as  to  the  alteration  of  the  sea  level  during  the 
last  half  century.  The  movement  of  upheaval  is  not  confined 
to  the  western  coast  line,  as  the  southern  coast  line  also  bears 
evidence  of  recent  elevation  all  along  the  Great  Australian 
Bight.  There  is,  in  fact,  not  a  particle  of  evidence  of  any  move- 
ment of  depression  here  within  recent  geological  ages,  and  it  is 
hardly  conceivable  that  while  the  land  and  surrounding  coast  is 
steadily  rising,  the  sea  bed  a  short  distance  further  out  should 
be  subsiding  as  steadily.  My  view  is  that  Darwin's  theor)% 
beautiful  as  it  appears  on  paper,  entirely  fails  to  apply  here,  and 
that  the  evidence  rather  goes  to  support  the  theory  of  Dr  John 
Murray,  of  the  **  Challenger  "  Expedition,  who  explains  the  origin 
of  coral  reefs  in  a  natural  way  without  demanding  great  sub- 
sidences of  the  sea  bed,  of  which  there  is  otherwise  no  clear 
geological  proof. 

The  palaeozoic,  eniptive,  and  crystalline  metamorphic  rocks 
in  the  Roeboume  district  have  been  as  yet  very  imperfectly 
examined,  and  judging  from  their  great  variety  and  complexity, 
it  would  take  a  long  time  to  investigate  them  in  any  detail 

The  journey  of  seventy  miles  from  Roeboume  eastwards  to 
Mallina  was  chiefly  over  a  perfectly  flat  plain,  covered  with 
tufts  of  coarse  grass  and  prickly  spinifex.  The  ground  is  brown 
and  sandy,  with  wind- worn  pebbles  of  amygdidoids,  agate  and 
quartz,  and  here  and  there  knolls  of  crystalline  rock  or  bare 
insular-looking  brown  ridges  rising  over  the  prairie-like  expanse. 
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The  oldest  rock  of  the  district  is  apparently  the  archjean  gneia 
which  is  well  seen  in  the  bed  of  the  Big  Sherlock  Eiver,  whei 
the  road  to  Mallina  crosses  it.  The  river  during  dry  weathi 
is  little  better  than  a  row  of  pools  in  a  shallow  channel  line 
with  eucalyptus  trees.  The  gravel  beds  of  the  plains  have  bee 
excavated  down  to  the  rock,  whose  surface  is  quite  hard  ar 
fresh.  The  gneiss  is  a  coarse  gray  granitic  rock,  similar  i 
character  to  much  of  the  archaean  platform  of  Sutherland,  bi 
so  far  as  I  noticed  it  has  none  of  the  pegmatite  veins  so  commc 
in  the  north-west  Highlands.  In  this  gneiss  there  are  distin< 
traces  of  a  double  foliation.  The  older  and  coarser  banding  hj 
a  north  and  south  strike  at  the  Big  Sherlock  section,  and  ) 
right  angles  to  this  there  are  zones  of  secondary  and  much  fim 
foliation,  within  which  it  has  the  character  of  a  mylonite  or 
line  quartz  schist,  perfectly  distinct  from  the  original  rock,  ar 
identical  in  appearance  to  the  sheared  gneiss  along  the  bel 
of  thrusting  that  traverse  the  Sutherland  archaean  area. 

Many  knobs  of  other  varieties  of  gneiss,  sometimes  beautiful' 
banded,  project  through  the  plain,  as  well  as  bosses,  dyke 
and  ridges  of  granite,  diorite,  gabbro,  diabase,  and  basalt,  felsit 
porphyrite  with  finely  striated  plagioclase  crystals,  and  oth 
massive  rocks.  The  diorite  is  sometimes  perfectly  fresh,  wil 
only  a  thin  brown  weathered  skin.  At  other  places  it  breal 
up  and  weathers  in  huge  heaps  of  a  rich  deep  brown  umb 
hue,  that  look  more  like  enormous  peat  stacks  than  anythii 
else.  I  obtained  specimens  of  these  rocks,  but  have  not  y 
had  time  to  investigate  carefully  their  petrographical  charactei 

The  rainfall  of  the  region  is  very  small,  and  sometimes  do 
not  exceed  6  inches  in  a  year,  but  occasionally  there  are  to 
rential  storms,  when  the  rivers  rise  20  or  30  feet  in  a  few  hou 
and  sweep  along  enormous  quantities  of  dust  and  sand. 

Where  the  rock  is  rotten  and  soft  a  large  quantity  of  the  ra 
sinks  down  to  "  water  level,*'  which,  in  the  Mallina  district, 
about  45  feet  to  50  feet  below  the  surface.  By  sinking  wells 
fair  supply  of  fresh  water  can  generally  be  obtained  at  th 
depth  all  over  the  district,  but  for  which  it  would  be  almo 
uninhabitable. 

The  plains  are  at  places  very  thinly  covered  with  surfa 
deposits,  and  for  distances  of  several  miles  I  noticed  that  \ 
were  crossing  a  platform  of  granite,  clay-slate  and  other  rocl 
whose  surface  had  been  planed  down  quite  flat  by  denudatic 
This  looked  to  me  like  a  plain  of  marine  denudation  of  a  ve 
perfect  kind.  It  has  often  been  remarked  in  the  North-We 
Highlands  that  the  Cambrian  Quartzite  rests  on  a  perfectly  fl 
pavement  of  more  ancient  rocks,  that  have  by  some  proce 
been  planed  down  in  a  remarkably  uniform  manner.     This  pf 
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of  Western  Australia  looks  at  places  very  like  the  ancient 
Cambrian  sea-bed  were  the  quartzite  stripped  off  it.  Whether 
the  Westralian  plain  has  been  smoothed  flat  by  marine  or 
subaerial  erosion,  I  had  not  an  opportunity  to  investigate.  It 
appeared  more  like  an  ancient  sea-bed  than  anything  else, 
across  which  the  waves  could  sweep  uninterruptedly  for  many 
miles,  towards  the  bases  of  the  high  knolls  and  ridges  that  may 
have  been  bare  islands  like  those  around  the  present  coast. 
Many  of  these  eminences  were  no  doubt  completely  worn  away, 
but  the  process  of  marine  erosion  was  brought  to  an  end  by  the 
rise  of  the  sea-bed  and  the  consequent  gradual  retreat  of  the 
ocean  to  its  present  position.  It  left  behind  it  a  long  smooth 
plain,  sloping  downwards  by  imperceptible  degrees  to  the  coast, 
fringed  at  the  edges  with  mangrove  swamps,  and  salt  marshes 
covered  only  at  spring  tides. 

In  course  of  time  the  plains  became  covered  with  tufts  of 
prickly  spinifex,  sparse  grass,  a  great  variety  of  rare  and 
beautiful  flowers,  and  patches  of  bush  of  scrubby  gum-trees, 
inhabited  by  kangaroos,  wild  turkeys,  snakes  and  centipedes, 
and  vast  colonies  of  ants,  whose  brown  hills,  10  to  14  feet  high, 
are  studded  over  parts  of  the  plain  at  regular  intervals  like 
hayricks,  and  form  quite  a  feature  in.  the  otherwise  most 
uninteresting  landscape.  Last  of  all  must  be  mentioned  the 
native  human  inhabitants,  who  are  as  black  as  coal,  very  low 
in  the  scale  of  intelligence,  and  as  forbidding  and  hopeless  in 
aspect  and  character  as  the  dismal  country  in  which  it  is  their 
unhappy  lot  to  dwell 
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XXVI. — A  Visit  to  the  New  Zealand  Volcanic  Zone.   By  Henbt 
M.  Cadell,  of  Grange,  B.Sc.,  F.RS.K,  F.G.S.    (Plates  V.-X.) 

(Read  16th  April  1896.) 

To  the  Scottish  geologist,  whose  acquaintance  with  volcanic 
phenomena  in  the  field  is  confined  to  eruptive  rocks  old  and 
cold,  deeply  buried,  perhaps,  beneath  Palaeozoic  strata,  or  asso- 
ciated with  fossils  of  the  far-off  Miocene  age,  and  everywhere 
greatly  denuded  and  covered  with  marks  of  hoar  antiquity,  a 
visit  to  a  region  where  volcanic  action  is  still  rife  is  a  profoundly 
interesting  and  instructive  experience.  To  see  the  ground  rent 
by  eruptions  and  split  open  by  recent  earthquakes,  and  to  follow 
the  outcrop  of  a  fault  perhaps  only  ten  years  old,  and  trace  it 
across  a  valley  and  up  a  hillside,  as  one  might  trace  a  furrow 
or  the  track  of  a  cart  across  a  field,  is  a  geological  luxury  that 
cannot  be  enjoyed  in  our  solid  old  country.  In  text-books  we  read 
of  the  effect  of  a  fault  crossing  a  valley  and  throwing  a  wide 
part  down  against  a  narrow  part  higher  up  stream,  producing  a 
waterfcdl  at  the  crossing,  and  a  sudden  widening  of  the  glen 
immediately  below  it.  Such  a  thing  is  unknown  with  us,  where 
the  inequalities  of  the  surface  due  to  large  displacements  have 
long  ago  been  smoothed  away  by  denudation.  In  the  Thames 
Valley  this  very  phenomenon,  which  will  again  be  referred  to, 
is  distinctly  visible,  and  many  others  of  an  equally  interesting 
character  can  be  studied  all  along  the  volcanic  zone  of  the  North 
Island.  The  limits  of  the  volcanic  area  and  the  principal  hot- 
springs,  geysers  and  active  or  dormant  volcanoes  are  indicated  in 
red  on  the  accompanying  general  map  of  the  North  Island 
(Plate  IX.). 

The  North  Island,  which  I  visited  in  September  1895,  is 
almost  entirely  volcanic  in  character,  and  the  eruptive  rocks 
are  all  of  Tertiary  or  Recent  age.  The  beautifully-situated 
town  of  Auckland  is  surrounded  on  all  sides  by  evidences  of 
recent  volcanic  activity.  Happily  its  volcanoes  are  all  extinct 
now,  but  during  the  later  Tertiary  or  the  Pliocene  period  the 
whole  district  was  a  seat  of  intense  eruptive  energy.  From  the 
top  of  Mount  Eden,  an  old  crater  behind  the  town,  a  multitude 
of  small  cones  and  craters  can  be  descried,  some  of  them  scat- 
tered like  large  molehills  over  the  mainland,  and  others  on 
islands  or  headlands  surroxmding  the  magnificent  harbour. 

In  the  Hauraki  Peninsula,  which  is  separated  from  the  Auck- 
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land  district  by  the  Firth  of  Thames  and  the  Hauraki  Gulf  (see 
Map,  Plate  IX.),  volcanic  energy  appears  to  have  first  manifested 
itself  in  the  Upper  Eocene  period.  A  great  series  of  submarine 
eruptions  took  place,  by  means  of  which  a  bank  of  volcanic 
materials  was  bmlt  up  on  the  ocean  floor.  Associated  with  these 
lava  beds  is  a  band  of  ash  known  as  the  "  Pamell  Grit,"  con- 
taining fossils  which  indicate  the  period  of  the  first  volcanic 
outbursts.  In  course  of  time  many  of  the  volcanoes  rose  above 
sea  level,  and  the  land  surface,  during  a  temporary  cessation  of 
volcanic  activity,  became  covered  with  a  luxuriant  growth  of 
vegetation.  When  the  subterranean  fires  again  burst  forth 
with  renewed  energy,  the  forests  were  overwhelmed  and  covered 
by  hundreds  of  feet  of  ashes  and  lavas,  first  of  a  semi-basic  and 
then  of  a  trachytic  character.  During  the  subsequent  time  of 
diminished  volcanic  activity  the  embedded  trees  were  in  many 
-cases  converted  into  wood-opal  by  the  petrifying  action  of 
thermal  springs.  Great  earthquakes  were  no  doubt  prevalent 
in  the  district,  while  the  cracking  of  the  rocks  as  they  cooled 
and  contracted  gave  rise  to  numerous  deep-seated  parallel 
fissures  running  in  a  general  north-and-south  direction.  Heated 
vapours,  sulphuretted  hydrogen,  steam  and  acid  gases  rose 
through  these  channels,  and  appeared  as  solfataras  and  fuma- 
roles,  such  as  are  still  abundant  in  the  Eotorua  and  Tarawera 
districts.  These  chemical  reagents  permeated  the  rock  and 
gradually  decomposed  it  more  or  less  completely,  untU  its 
original  character  was  quite  altered.  Mr  James  Park,  F.G.S., 
lately  director  of  the  Thames  School  of  Mines,  believes  that  the 
metallic  constituents  and  silica  were  carried  in  solution  along 
the  fissures,  and  that  these  seem  to  have  acted  like  voltaic  cells 
>in  which  a  strong  electro-chemical  action  was  set  up.  The  basic 
solutions  were  thus  apparently  decomposed  and  their  metaUie 
constituents  deposited,  the  base  materials  and  paxt  of  the  sUver 
AS  sulphides,  and  the  gold,  together  with  most  of  the  silver,  as 
metallic  alloy. 

Since  the  last  of  these  eruptions  ceased,  the  greater  part 
of  the  Hauraki  district  has  remained  undisturbed  by  volcanic 
action,  and  the  agencies  of  denuda^tion  have  during  the  remainder 
of  the  Tertiary  epoch  been  busy  wearing  down  its  surface  and 
eroding  its  stream-channels.  The  decomposition  of  the  volcanic 
rocks  has  made  them  very  soft  and  friable,  so  that  they  ofier 
•comparatively  little  resistance  to  the  action  of  the  rain  and 
running  waters.  When  visiting  the  Yellowstone  National  Park 
in  America,  which  in  many  ways  resembles  this  part  of  New 
Zealand,  I  was  much  struck  with  this  softening  action  of  heated 
springs  and  f umaroles  on  hard  volcanic  rocks.  The  magnificent 
<»ifion  of  the  Yellowstone  river  has  been  eroded  out  of  hard 
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rhyolite  at  a  comparatively  rapid  rate,  the  rock  having  become 
completely  rotted  away  by  heated  waters  and  vapours  percolat- 
ing through  it  from  below.  Little  puffs  of  steam  were  visible 
issuing  from  cracks  in  the  cafion  walls,  and  the  hard  rhyolite 
within  their  vicinity  was  so  soft  that  it  could  at  places  be 
crumbled  away  by  the  fingers,  so  that  the  river  had  little  diflS- 
culty  in  scooping  out  its  channel 

Volcanic  activity,  although  apparently  extinct  in  the  Hauraki 
district  proper,  was  only  dormant  for  a  time  in  the  central  parts 
of  the  island.  In  newer  Pliocene  times  it  burst  forth  with 
prodigious  energy,  and  huge  floods  of  acid  lavas  were  vomited 
forth  over  hundreds  of  square  miles  of  country,  while  dense 
clouds  of  light  pumice,  ashes,  and  dust  were  belched  into  the 
air  to  fall  in  thick  beds  over  half  the  island.  Excellent  examples 
of  the  younger  volcanic  cones  are,  as  already  mentioned,  con- 
spicuous all  over  the  Auckland  district,  and  further  south  the 
great  volcanoes  of  Ruapehu,  Tongariro,  and  others  are  still  in  a 
state  of  modified  activity.  The  solid  products  of  these  eruptions 
reached  as  far  north  as  Paeroa  and  Waihi,  while  the  ash-beds 
are  found  hundreds  of  feet  thick  in  the  Upper  Thames  valley 
and  the  Upper  Waikato.  The  old  valleys  were  filled  up  in 
many  cases,  a  circumstance  of  importance  from  a  mining  point 
of  view,  as  the  outcrops  of  the  reefs  were  also  covered,  and  a 
correct  knowledge  of  this  fact  is  essential  to  successful  prospect- 
ing wherever  the  newer  rhyolites  occur.  The  well-known 
Martha  Hill  at  Waihi,  through  which  the  celebrated  lode  of  the 
Waihi  Company  runs,  was  surrounded  but  not  quite  covered  by 
thick  masses  of  rhyolitic  breccias  and  lavas.  The  outcrop  of 
the  lode  outside  the  company's  property  cannot,  therefore,  be 
traced  on  the  surface  of  the  ground,  and  must  be  sought  for  by 
mining  operations  underneath  the  latest  rhyolitic  lavas. 

The  auriferous  reefs  are  found  in  bands  or  belts  of  "  propylite" 
or  decomposed  andesite,  separated  from  each  other  by  hard 
bands  of  solid  andesite-lava,  or  indurated  tuffs  passing  into 
coarse  breccias.  This  propylite  is  locally  known  as  "  sandstone," 
and  is  spoken  of  by  the  miners  as  the  "  kindly  rock "  of  the 
country,  in  which  reefs  may  be  most  confidently  expected  to 
occur.  The  reefs  are  of  the  segregated  class,  having  derived  their 
metallic  ingredients  from  the  solution  of  the  rock  in  their 
immediate  vicinity. 

Gold  is  a  very  widely  disseminated  metal,  and  occurs  in 
minute  quantities  in  sea-water  as  well  as  in  various  minerala 
In  many  goldfields,  such  as  those  of  Victoria  and  Western 
Australia,  the  best  gold  reefs  are  found  in  a  clay-slate  "  country," 
and  this  has  been  explained  by  supposing  that  the  slate  was 
originally  a  marine  deposit  which  enveloped  small  quantities  of 
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gold  at  the  time  of  its  deposition  during  the  Palseozoic  epoch. 
The  action  of  aqueous  solution  has  subsequently  resulted  in 
the  leaching  out  of  the  gold  with  other  minerals  and  the  re- 
deposition  of  them  along  fissures  in  the  rock. 

In  the  case  of  the  Hauraki  district,  the  gold  occurs  under 
peculiar  conditions  and  in  reefs  of  Tertiary  age,  so  that  here 
the  marine  theory  is  quite  inapplicable.  The  propylites  are  the 
gold-bearing  rocks,  and  wherever  the  reefs  pass  from  this  de- 
composed rock  into  the  fresh  rock  (or  andesite)  or  into  the  tuflfs 
and  breccias  associated  with  them,  they  become  poor  or  sterile 
in  character.  The  inference  seems  soimd  that  the  source  of  the 
gold  and  silver  is  to  be  sought  in  the  pyroxenes  of  the  original 
andesite,  which  have  elsewhere  l)een  found  to  contain  small 
quantities  of  the  precious  metals.  It  may  be  mentioned  that 
when  visiting  the  geyser  and  hot  spring  district  of  Eotorua,  I 
was  told  that  small  quantities  of  gold  were  known  to  occur  in 
the  sinter-deposits  produced  by  the  geysers,  which  helps  to 
substantiate  the  theory  that  the  reefs  were  originally  due  to 
hydrothermal  action. 

The  minerals  associated  with  the  gold  are  principally  iron 
pyrites,  after  which  come  copper  pyrites,  zinc-blende,  stibnite, 
and  ruby  silver,  as  well  as  galena,  manganese  oxides,  calcite, 
pearl-spar,  and  occasionally  metallic  arsenic,  specimens  of  the 
last-named  metal  are  often  found  in  the  Kapanga  mine  at 
Coromandel.  Before  turning  from  the  gold-bearing  rocks,  it 
is  of  importance  to  note  that  after  much  scientific  investigation 
it  has  been  clearly  ascertained  that  the  auriferous  propylites  of 
the  Hauraki  district  are  the  same  as  the  volcanic  rocks  of  the 
famous  Comstock  lode  and  Washoe  districts  of  North  America, 
and  are  also  similar  to  the  "  country  rocks "  of  the  ancient 
mines  of  Hungary  and  Transylvania. 

After  the  district  had  passed  through  the  changes  described, 
and  most  of  the  fissures  had  become  completely  mineralised  and 
filled  up  by  quartz-reefs,  a  new  set  of  geological  phenomena 
arose.  The  infilling  of  the  fissures  was  not  quite  complete,  it 
may  be  mentioned,  as  it  is  common  in  the  mines  of  the  Thames 
district  to  find  extensive  empty  cavities,  where  the  fissures  ai"e 
still  open  and  gaping  for  hundreds  of  feet  at  a  time  perhaps, 
or  again  to  strike  water-channels  or  acidulated  springs  follow- 
ing the  course  of  the  rents.  Most  of  the  reefs,  however,  were 
completely  mineralized  when  the  district  was  again  dislocated 
by  earthquake-cracks,  such  as  are  still  produced  during  the 
earth-tremors  at  other  parts  of  the  island. 

Two  laige  faults  were  originated  in  the  Thames  gold-field,, 
and  their  coui-ses  are  very  clearly  marked  by  the  alteration 
they  have  made  on  the  surface  of  the  country,  as  well  as  by 
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their  important  influence  on  the  distribution  of  the  reefe  in 
that  district. 

The  best  known  of  these  is  the  Moanataiari  fault,  which 
crosses  the  trend  of  the  reefs  at  right  angles,  and  runs  along 
the  face  of  the  mountains  from  Hape  Creek  to  the  shore,  a 
short  distance  west  of  Grahamstown  or  Thames.  Tlie  effect  of 
this  displacement  is  to  produce  a  distinct  terrace  or  step  on 
the  mountain-slope,  as  its  downthrow  side  is  towards  the  sea. 
It  hades  to  the  south-west  at  a  uniform  angle  of  45  degrees,  and 
it  lias  been  calculated  that  it  must  have  a  vertical  downthrow 
of  about  400  feet.  The  fault  forms  an  abrupt  barrier  to 
the  mining  operations  on  its  seaward  side,  and  to  regain  the 
truncated  reefs  on  the  upthrow  side  extensive  cross-cutting  is 
necessary.  When  it  was  first  crossed  it  shed  so  much  water 
tliat  operations  had  to  be  abandoned  for  a  time,  and  when 
again  the  north-eastern  cross-cut  from  the  640-feet  level  of  the 
Big  Pump  shaft  at  Thames  reached  its  face,  a  huge  mass  of  soft 
plastic  clay  rolled  down  the  drift  with  great  velocity,  causing 
the  workmen  to  flee  for  safety.  The  lateral  displacement  is  so 
great  that  reefs  which  have  been  followed  from  the  seaward 
side  have  never  as  yet  been  recovered  on  the  footwall  or  land- 
ward side.  The  recent  age  of  the  fault  is  shown  by  its  effect 
on  the  surface  of  the  ground,  where  its  course  can  be  distinctly 
traced.  Where  it  crosses  one  of  the  mountain-gulleys  it  has 
the  effect  of  suddenly  contracting  the  glen  above  and  lifting 
the  former  bed  of  the  stream  up  opposite  the  wider  mouth  of 
the  part  below.  A  broad  part  is  thus  thrown  against  a  narrow 
lH)rtion,  and  a  marked  and  sudden  contraction  on  the  upthrow 
side  is  clearly  visible.  Where  the  fault  has  been  cut  in  the 
mines  it  has,  moreover,  been  found  to  contain  masses  of  rotten 
wood,  fern-roots,  and  decayed  vegetable  matter  in  the  soft 
"pug"  and  clays  lying  under  its  hanging  wall.  These  circum- 
stances point  to  the  newer  Pliocene,  or  even  later  age,  of  this 
important  displacement. 

The  Hauraki  Peninsula,  as  shown  on  the  map  (Plate  IX.),  is 
outside  the  zone  of  recent  vulcanicity,  but  the  Coiomandel 
mountain  range,  which  forms  the  backbone  of  the  peninsula, 
extends  southwards  along  the  eastern  side  of  the  Thames  valley 
to  Te  Aroha,  where  the  first  of  the  hot  springs  are  to  be  found. 
Te  Aroha,  a  pleasant  sanatorium,  nestles  snugly  at  the  foot  of 
the  forest-clad  mountain  of  the  same  name,  and  its  warm  sulphur 
liaths  are  much  sought  after  for  their  medicinal  virtues.  To 
reach  the  heated  r^on  we  must  continue  our  journey  south- 
wards to  Eotorua,  the  centre  of  the  geyser  district. 

Rotorua,  a  township  on  the  flat  shore  of  Lake  Eotorua,  forms 
the  railway  terminus,  and  as  we  approach  it  the  smell  of 
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sulphur  in  the  air,  and  the  clouds  of  steam  circling  lazily 
upwards  through  the  ti-tree  bush,  show  that  we  have  reached 
a  place  where  the  crust  is  dangerously  thin;  so  that  we  can 
hardly  consider  ourselves  standing  on  terra  firma  proper  any 
longer.  Lake  Botorua,  a  sheet  of  water  about  20  miles  in 
circumference  and  1000  feet  above  sea-level,  is,  next  to  Taupo, 
the  largest  lake  in  the  North  Island.  It  lies  in  a  roundish 
depression,  not  more  than  about  30  feet  deep,  which  may  have 
been  produced  by  a  volcanic  subsidence.  Abundant  signs  of 
thermal  activity  appear  along  its  shores  in  the  shape  of  hot 
springs,  boiling  mudholes,  f  umaroles,  and  sulphur  baths,  greatly 
valued  by  invalids.  The  surrounding  country  is  uneven  and 
hilly,  and  is  covered  by  a  dense  growth  of  the  ti-tree  or  manuka 
bush,  which  in  winter  has  a  warm  russet  brown  hue  like  heather, 
but  is  spangled  with  white  blossoms  when  the  bloom  is  on. 

The  principal  geysers  are  grouped  together  at  the  native 
village  of  Whakarewerewa,  two  miles  south  of  the  township  of 
Botorua.  These  are  exceedingly  interesting,  but  are  not  nearly 
so  fine  or  so  imposing  in  their  performances  as  the  splendid 
geysers  of  the  Yellowstone.  The  art  of  soaping  the  geysers, 
which  was  accidentally  discovered  in  the  Yellowstone  Park,  is 
practised  here  when  an  eruption  is  wanted  to  order ;  and  after 
trying  the  experiment,  by  means  of  a  bar  of  soap  cut  up  into 
small  pieces  and  thrown  into  the  funnel,  we  were  successful  in 
inducing  Pohuto,  one  of  the  principal  spouters,  to  favour  us 
with  a  very  creditable  performance.  At  the  sanatorium  of 
Eotorua,  on  the  shore  of  the  lake,  some  interesting  experiments 
were  made  a  few  years  ago  by  Mr  Camille  Malfroy,  C.E.,  the 
engineer  in  charge  of  the  Government  works  there,  after  the 
eruption  of  Mount  Tarawera.^  These  experiments  were  designed 
to  illustrate  Mr  Malfroy's  theory  of  geyser  action,  and  went  to 
show  that  the  diflerence  between  a  fumarole,  hot  spring,  mud 
volcano,  and  a  true  geyser  is  very  small,  and  depends  on  the 
shape  of  the  funnel  and  the  facilities  for  the  descent  of  water 
to  the  heated  cavities  below.  The  practical  result  led  the 
author  to  conclude  that  geysers  can  be  regulated  and  controlled 
to  some  extent,  and  hot  springs  can  be'  converted  into  geysers 
by  certain  mechanical  arrangements,  and  made  to  play  at  will 
In  proof  of  this,  the  hot  springs  supplying  the  batlis  at  Eotorua 
were  converted  into  small  geysers  at  Mr  Malfroy's  suggestion, 
and  have  continued  to  play  regularly  for  the  entertainment  of 
visitors.  It  may  appear  sacrilegeous  thus  to  interfere  with 
curious  natural  phenomena,  and  thrust  iron  pipes  and  concrete 
into  the  throats  of  beautiful  boiling  springs.     To  my  mind, 

'  For  an  account  of  these  experiments  see  Mr  C.  Malfroy's  paper,  "  On  Geyser 
Action  at  Rotoma."— 2VanMc^io9M  of  the  N.Z.  Institute,  1891. 
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however,  the  charms  of  nature  can  in  this  way  be  greatly 
enhanced,  and  one  can  only  regret  that  the  geysers  of  Whakare- 
werewa  have  not  been  improved  a  little  in  their  working.  There 
is  ample  room  for  scientifically  embellishing  both  their  sinter 
deposits  and  their  surroundings ;  but  the  Maoris,  to  whom  they 
belong,  do  very  little  beyond  drawing  toll  from  visitors  (which 
is  done  on  correct  and  most  scientific  lines),  and  squatting  in 
the  warm  pools  with  their  wives  and  families.  A  feeble  attempt 
has,  it  is  true,  been  made  to  build  up  the  sinter,  so  as  to  produce 
in  time  a  far-olBF  imitation  of  the  lost  Terraces,  but  much  more 
might  be  effected  in  this  direction,  both  at  Whakarewerewa, 
Wairaki,  and  at  other  places,  were  the  custody  of  the  geyser 
basins  in  more  intelligent  hands.  Soaping  the  geysers  has  been 
prohibited  in  the  Yellowstone  Park,  and  other  regulations  have 
very  properly  been  strictly  enforced  for  the  preservation  of  their 
amenity;  and  perhaps  at  some  future  time  the  Government 
may  see  fit  to  acquire  the  New  Zealand  Wonderland  in  the 
same  way,  and  improve  it  for  the  benefit  of  the  public  in  all 
time  to  come. 

Mount  Tarawera  is  about  twenty  miles  by  road  from  Whak- 
arewerewa. The  first  ten  miles  are  covered  on  horseback  vid 
the  old  road  through  the  Tikitapu  bush  to  the  ruined  village 
of  Wairoa.  Before  the  eruption,  when  the  shores  of  Lake 
Tarawera  were  inhabited,  and  there  was  a  well-populated  town- 
ship at  Wairoa,  the  road  was  used  for  vehicles,  but  it  is  now 
merely  a  bridle  track,  the  greater  part  of  it  having  been  destroyed 
]>y  the  eruption,  washed  away,  or  allowed  to  go  to  decay  for 
want  of  use.  For  the  first  few  miles  the  road  runs  along  a 
flattish  plain  that  slopes  gently  from  the  high  ground  towards 
the  shore  of  Lake  Eotorua,  and  is  clad  with  a  bosky  mantle  of 
ti-tree  bushes.  The  ground  is  all  made  up  of  volcanic  ash  of 
various  ages,  most  of  it  being  light  yellow  or  grey  pumice,  the 
product  of  old  eruptions.  The  ash  of  Mount  Tarawera  is  dark 
gray  or  nearly  black,  and  it  is  thus  an  easy  matter  to  tell  when 
we  are  within  the  area  affected  by  the  eruption.  At  first  the 
traces  of  the  eruption  are  only  apparent  to  the  trained  eye  of 
the  native  of  the  district,  but  soon  the  layer  of  dark  material 
l)ecomes  evident  to  the  most  careless  observer.  The  limits  of 
the  ash  have  been  carefully  mapped  out  by  Professor  Thomas, 
of  Auckland  University  College,  who  investigated  the  district 
immediately  after  the  eruption,  and  published  a  valuable  report 
on  it  in  1888.  As  the  wind  was  from  the  south-west  when  the 
outburst  took  place,  most  of  the  ash  was  blown  in  a  north- 
easterly direction  towards  the  sea,  and  scarcely  any  fell  so  far 
west  as  Whakarewerewa  and  Eotorua.  After  leaving  the  plain 
the  path  turns  southward  through  the  once  luxuriant  Tikitapu 
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Bus]),  and  follows  for  part  of  the  way  a  small  valley,  on  either 
side  of  which  the  hills  rise  to  a  considerable  height  Moerangi, 
the  highest  summit,  has  an  altitude  of  2240  feet,  and  rises 
steeply  from  the  shores  of  the  Tikitapu  and  Eotokakahi  lakes, 
whose  waters  once  sparkled  like  sapphires  in  the  sunlight,  but 
are  now  as  dull  as  milk,  or  at  least  as  white  as  opals  without 
the  "fire."  The  fine  bush  along  their  margin  is  blasted  and 
blackened,  and  although  the  luxuriance  of  the  vegetable  growth 
is,  after  ten  years  of  repose,  beginning  to  reassert  itself,  and 
clothe  the  landscape  with  some  of  its  former  verdure,  many 
years  must  elapse  before  the  first  rude  traces  of  the  catastrophe 
become  hidden  from  view. 

One  effect  of  the  shower  of  ash  on  the  physical  geography  of 
the  district  interested  me  exceedingly,  and  brought  into  promi- 
nence a  phenomenon  that  can  seldom  be  observed,  from  its  rai^ 
occurrence.  Where  the  fall  of  ash  exceeded  6  inches,  the  whole 
ground  was  covered  with  a  dense  black  skin,  which,  when 
saturated  with  rain,  turned  into  an  impervious  bed  of  clay,  that 
overspread  hill  and  dale  like  a  waterproof  sheet.  Before  the 
eruption  the  rain  fell  upon  ground  thickly  overgrown  with 
vegetation,  and  a  great  part  of  the  rainfall  was  thus  retained  for 
a  time,  absorbed,  or  allowed  to  trickle  into  the  lakes  or  percolate 
slowly  and  quietly  into  the  porous  soil.  After  the  coat  of 
volcanic  mud  was  put  on  all  was  changed.  The  heavy  rains  no 
longer  fell  on  a  bosky,  absorbent  surface,  but  were  precipitated 
on  a  smooth,  watertight  cover  which,  like  the  slated  roof  of  a 
house,  shed  the  drops  as  fast  as  they  fell.  The  water  ran  in 
streams  down  the  slopes,  and  these  united  to  form  fierce  tor- 
rents in  the  flat  bottoms  of  the  valleys  between  the  hilla  These 
hollows  had,  in  former  days,  been  occupied  by  small  rills  that 
warbled  quietly  down  to  the  lakes  without  scooping  out  deejj 
channels  or  notably  wearing  away  their  mossy  sidea  When 
these  brooks  gave  place  to  roaring  torrents  that  rushed  along 
with  wild  fury  whenever  a  heavy  shower  fell,  and  dried  up  as 
soon  as  the  clouds  rolled  away,  quite  a  new  effect  was  produeeil 
on  their  beds.  The  waters  quickly  dug  out  deep  channels,  and 
in  a  short  time  their  courses  were  marked  by  gorges  or  small 
caflons  with  perpendicular  sides,  wliich  were  undermined  and 
further  excavated  by  each  fresh  spate.  The  ground  rock  being 
of  soft,  light  pumice  fragments,  with  little  coherence,  excavation 
was  not  a  difficult  matter. 

As  we  approached  Lake  Tikitapu  the  road  followed  one  of 
these  stream  courses,  and  we  gradually  ascended  the  valley  for 
a  few  miles  riding  close  to  the  edge  of  the  cafion  cut  out  during 
recent  floods.  Our  Maori  guide,  A.  Warbrick,  said  that  the 
gorge  in  the  middle  of  the  valley  had  been  almost  entirely 
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formed  within  the  last  five  or  six  years,  and  had  no  existence 
before  the  eruption.  It  was  at  places  more  than  60  feet  deep, 
and  the  sides  were  perpendicular  or  even  dangerously  overhang- 
ing. At  one  place  where  the  hillside  above  sloped  rather 
steeply  down  to  the  chasm,  the  path,  only  about  2  feet  wide, 
ran  along  the  very  brink.  This  was  at  a  bend  in  the  stream 
where  its  eroding  power  was  greatest  and  the  depth  was  50  or 
60  feet.  I  dismounted  and  led  my  horse  past  it,  not  relishing 
the  idea  of  a  possible  fall  over  the  edge  on  horseback.  If  the 
path  were  to  give  way  under  us  it  would  probably  be  more 
comfortable  to  fall  separately.  After  passing  the  critical  place 
I  looked  round  and  found  that  the  cafion  wall  was  really  over- 
hanging, and  I  made  up  my  mind  that  when  we  came  back 


another  way  past  must  be  found  out.  "WTien  we  did  return  in 
the  evening  there  was  no  need  of  impressing  this  caution  on  our 
guide,  as  the  path  had  disappeared  during  our  absence  into  the 
chasm !  The  above  sketch,  which  was  taken  a  short  distance 
further  up  the  stream,  illustrates  roughly  the  appearance  of  this 
last  product  of  the  eruption.  The  walQs  of  the  gorge  reveal  an 
excellent  section  of  the  stratified  pumice  beds  with  which  the 
old  valley  was  filled,  and  at  the  time  of  our  visit  the  weather 
was  fortunately  dry,  so  that  the  bottom  of  the  stream  channel 
was  quite  bare. 

The  steepness  of  the  walls  shows  that  the  process  of  excavation 
is  rapid,  and  that  the  natural  disintegi'ation  by  the  atmosphere 
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and  rain  is  quite  insignificant  compared  to  the  erosion  by  the 
stream,  just  as  it  is  on  an  infinitely  greater  scale  in  the  cele- 
brated Grand  Canon  of  the  Colorado.  The  old  valley,  on  the 
other  bandy  is  shaped  like  a  roofing  tile,  showing  that  the  ten- 
dency to  crumble  away  at  the  sides  was  formerly  greater  than 
the  tendency  to  undergo  deepening  through  the  stream's  action. 
An  excavation  of  this  sort  starts  at  first  by  the  stream  eating 
down  its  bed  near  the  lower  end,  where  it  debouches  on  fiat 
ground  and  has  a  "  free  toom,"  as  we  say  in  Scotland,  or  avail- 
able space  to  deposit  its  burden  of  detritus  in  the  shape  of  a  fan 
or  delta.  The  gorge  b^ns  at  the  apex  of  the  cone,  and  when 
once  started  eats  its  way  steadily  backwards  up  the  valley, 
deepening  and  widening  its  section  as  it  grows  in  length ;  and 
so  long  as  the  fall  is  great  enough  to  let  the  stream  carry  away 
all  the  detritus,  the  process  will  go  on.  As  we  proceeded  on 
our  way  this  yras  made  quite  clear,  for  the  chasm  grew  smaller 
and  narrower,  so  that  at  last  we  could  step  across  it,  and  it 
finally  dwindled  down  to  a  mere  fissure  a  yard  or  two  deep, 
with  vertical  walls  entirely  bridged  over  at  places  by  the 
vegetation.  In  this  case  there  is  evidence  that  the  original 
fissure  was  partly  produced  by  an  earthquake  crack,  but  the 
quantity  of  material  washed  out  of  it  by  water  show^  clearly 
that  it  is  to  the  action  of  the  stream  that  its  present  size  is  due. 

This  is  only  one,  and  perhaps  not  the  best,  example  of  a  pro- 
cess that  is  going  on  all  over  the  ash-covered  district.  Professor 
Thomas  told  me  of  other  and  much  deeper  gorges  produced  in 
the  same  way.  Now  it  is  interesting  to  note  that  this  is  only  a 
temporary  phase  of  the  physical  evolution  of  the  region.  Tto- 
vid«i  no  fresh  eruptions  occur,  the  ashy  covering  will  be  gradu- 
ally washed  off  the  hills,  or  at  least  the  deposit  will  disappear 
under  the  growing  vegetation,  so  that  the  sudden  torrents  will 
diminish  in  force  and  erosive  power.  The  sides  of  the  gorges 
will  fall  in,  as  it  is  not  natural  for  soft  strata  to  stand  long  in 
the  form  of  vertical  cliffs  where  the  climate  is  moist  and  the 
rainfall  abundant.  Small  but  regularly  flowing  streams  will 
again  occupy  the  channel,  and  these  will  not  be  able  to  trans- 
port all  the  stuff  that  falls  into  them,  so  that  in  time  a  smaller 
tile-shaped  valley  will  be  formed  inside  the  greater,  and  a  step* 
like  feature  along  the  hUlsides  will  be  all  that  remains  of  the 
original  perpendicular  cafion  walls  shown  on  the  sketch. 

In  the  Taupo  volcanic  district  the  tributaries  on  the  right 
bank  of  the  Waikato  river,  which  is  far  beyond  the  area  of  the 
Tarawera  ash,  have  cut  cafions  with  vertical  sides  200  feet  or 
more  in  height.  Professor  Thomas  points  out  that  the  pre- 
servation of  the  walls  is  largely  due  to  the  porous  nature  of  the 
pumice  strata,  which  allows  the  rain  to  sink  into  the  ground 


Digitized  by  VjOOQIC 


A  VISIT  TO  THE  NEW  ZEALAND  VOLCANIC  ZONE.  193 

instead  of  Btieaming  over  the  surface  and  weiariDg  away  the 
maigin  of  the  cafion.  The  preservation  of  the  walls  of  the 
Grand  Canon  of  the  Colorado  is  due,  on  the  other  hand,  to  the 
v^  small  rainfall  of  the  part  of  America  across  which  the 
greater  part  of  the  river  has  formed  its  bed.  The  absence  of 
frost  is  also  conducive  to  the  preservation  of  sharp  natural 
features  of  this  sort,  since  soft,  porous  cliffs  would,  in  a  wet 
region  nearer  the  Poles,  be  particularly  liable  to  disintegration 
by  the  winter's  frosts. 

The  native  township  of  Wairoa  was,  up  till  June  1886,  a 
smiling  village,  beautifully  situated  in  a  valley,  amid  luxuriant 
forests  and  well-tilled  land,  on  the  banks  of  the  stream  that  falls 
from  Lake  Kotokakalii  into  T^ake  Tarawera.  It  is  now  a  blasted 
and  blackened  waste,  with  ruined  houses  half  buried  under 
ashes  (Plate  V.) ;  and  the  solitary  inhabitant  that  met  us  was  a 
Itrown  cat,  the  only  resident  that  had,  after  escaping  with  a 
whole  skin,  apparently  thought  the  place  still  attractive  enough 
for  a  permanent  residence.  The  trees  were  partly  burnt  and 
partly  overthrown  by  the  fury  of  the  indraught  of  wind  caused 
))T  the  eruption ;  but  these  are  now  sprouting  again,  and  the 
dull,  leaden  grey  of  the  landscape  is  becoming  enlivened  with 
spots  and  patches  of  warm  russet  brown  or  green.  Professor 
Thomas  has  calculated  that  Wairoa  is  situated  at  the  outer  edge 
••f  the  area  over  which  the  ash  fell  on  the  average  3  feet  deep, 
and  as  we  approach  the  volcano  the  depth  of  course  continually 
increases.  A  fall  of  from  2  to  3  feet  of  ashes  and  mud  may  not 
i^m  a  very  serious  matter,  but  it  was  quite  enough  to  crush  in 
the  frail  roofs  of  the  houses  and  cause  the  death  of  over  a  dozen 
I^rsons.  The  eruption  took  place  suddenly  in  the  small  hours 
of  the  morning,  and  in  the  pitchy  darkness  it  was  impossible  to 
escape.  The  two  native  villages  of  Te  Ariki  and  Moura,  on  the 
shores  of  Lake  Tarawera,  near  the  volcano,  whose  sites  are  indi- 
cated on  the  accompanying  map  of  the  district,  were  entii'ely 
t'verwhelmed,  and  not  a  soul  was  left  to  tell  the  terrible  tale  of 
their  destructipn.  Altogether  111  natives  and  Europeans  were 
tilled,  the  majority  of  the  inhabitants  of  Wairoa  having  sur- 
^i\ed  the  eruption,  which,  though  terrific  while  it  lasted,  happily 
dill  not  last  long,  as  it  was  all  over,  so  far  at  least  as  the  ash 
sliower  was  concerned,  in  about  five  hours.  Although  large 
volumes  of  steam  continued  to  rise  from  the  newly-formed  vents 
for  months  afterwards,  no  fresh  explosion  has  since  taken  place, 
and  the  mountain  has  been  steadily  cooling  down  for  the  last 
ten  years,  almost  no  steam  being  now  emitted  from  the  craters. 

We  left  our  horses  at  Wairoa,  and  clambeted  down  the  steep 
l^ath  past  the  charming  waterfall  at  the  head  of  an  aim  of  Lake 
Tarawera,  to  the  white  beach  of  pumice  and  obsidian  sand,  where 
onr  Maori  guides  liail  a  1>oat  ready  to  take  us  to  the  volcano  on 
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the  oppofiite  shore.  As  we  rowed  across  the  niilky  waters  our 
boatmen  related  how,  eleven  days  before  the  eruption,  the  in- 
habitants of  the  native  settlements  on  the  shores  had  been 
startled  by  the  form  of  a  huge  phantom  war-canoe  moving 
stealthily  over  the  lake,  coming  from  an  unknown  port,  and 
going  no  one  knew  whither.  The  meaning  of  this  apparition 
was  not  understood  at  the  time ;  but  after  the  catastrophe  was 
past,  the  few  survivors  were  convinced  that  this  had  been  an 
omen  from  the  world  of  spirits  to  wani  them  of  the  approach  of 
the  destroying  angel. 

The  length  of  our  little  voyage  was  alniut  eight  miles,  and  we 
landed  in  a  bay  where  a  torrent  had  cut  out  a  gorge  in  the  black 
scoriae  and  spread  out  the  detritus  in  the  form  of  a  broad  fan 
sloping  gently  downwards  to  the  beach.  The  configuration  of 
the  ground  has  here  been  entirely  clianged  by  the  eruption. 
For  miles  around,  the  shores  of  the  lake,  once  decked  with 
luxuriant  vegetation,  are  now  deeply  buried  under  a  leaden-grey 
coating  of  volcanic  mud  and  scoriae.  The  surface  of  the  ground 
is  cut  up  with  multitudes  of  deep,  wavy  furrows,  as  if  it  had 
been  raked  all  over  with  gigantic  combs.  At  places  theee 
furrows  are  so  deep  and  numerous  that  they  resemble  glacier 
crevasses,  and  make  the  coimtry  quite  unpassable  for  man  or 
beast.  They  can  be  seen  miles  away  from  the  neighbouring 
hills  radiating  outwards  and  sweeping  in  regular  curves  corre- 
sponding with  the  changes  in  the  slope  of  the  ground.  A  goixl 
impression  of  tlie  remarkable  appearance  of  the  district  may  he 
gained  by  looking  at  the  hill  shading  on  some  of  our  ordnance 
maps,  whose  black  radial  hatchings  bring  to  mind  the  black, 
sharp  groovings  in  the  scoria^  hills  round  Mount  Tarawera. 

Mount  Tarawera  is  an  ugly,  flat-topped  mass  that  rises  steeply 
from  the  lake,  and  at  the  water's  edge  terminates  in  abrupt  chffs. 
The  lake  is  about  1000  feet  above  sea  level,  and  the  mountain 
rises  over  2700  feet  higher,  so  that  the  climb  is  not  a  matter 
involving  much  expenditure  either  of  time  or  muscle.  Tlie 
upper  pai  t  of  the  mountain  is  entirely  made  up  of  black  or  re<l- 
dish  scoriae,  lapilli,  and  dark  rounded  bombs  or  "  firebaUs  "  of 
augite  andesite  lava,  with  a  vesicular  spongy  core  and  a  hard  shell 
rather  smooth  at  times  on  the  surface.  In  many  cases,  however, 
the  core  is  seen  to  be  a  limip  of  white,  hard  rhyolite,  the  rock  of 
the  original  Mount  Tarawera.  This  has  been  blown  into  frag- 
ments, many  of  which  were  wrapped  round  with  a  skin  of  the 
black  andesite  lava  during  the  progress  of  the  late  eruption. 

On  reaching  the  crest  of  the  ridge  a  strange  scene  presente<l 
itself.  After  climbing  the  steep,  ashy  slope,  we  came  suddenly 
to  the  brink  of  the  great  chasm  that  has  cleft  the  mountain  into 
two  parts.  This  huge  fissuie  extends  for  a  distance  of  over  nine 
miles  through  the  toj)  of  Tarawera  and  the  site  of  Lake  Rotoma- 
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hana  at  its  base,  on  whose  shores  the  Terraces  wei'e  situated. 
The  eruption  produced  a  row  of  deep  craters  along  this  line,  and 
these  are  separated  by  a  series  of  bridges  or  partitions,  some  of 
which  are  quite  sharp  and  thin  at  the  top,  and  others  are  several 
himdred  yards  in  breadth.  The  accompanpng  map,  taken  from 
accurate  surveys  by  Mr  S.  Percy  Smith,  F.R.G.S.,  shows  the 
line  of  the  great  fissure  and  the  craters  along  its  course; 
(Plate  X.). 

The  sides  of  the  chasm  reveal  an  interesting  section  of  the 
mountain,  which  is  seen  to  be  made  up  of  cream-coloured  rhyo- 
lite  lava  beneath,  with  deep  red  or  dark  grey  stratifieil  ash-beds 
at  the  top,  and  here  and  there  a  dark,  slaggy  patch  of  the  new 
lava  plastered  on  to  the  side,  or  lying  Uke  a  saddle  on  the  back 
of  the  separating  bridgea  With  the  exception  of  these  isolated 
splashes,  there  is  no  sign  of  any  lava  stream  among  the  pro- 
ducts of  the  eruption.  The  eruption  produced  notliing  but 
ashes  and  scoriae,  and  this  is  to  be  explained  by  the  fact  that 
there  was  so  much  water  present  that  the  molten  rock  beneath 
was  blown  to  fragments  by  the  sudden  expansion  of  the  steam 
imprisoned  in  its  pores  before  ever  it  rose  to  the  edge  of  the 
craters.  There  was,  no  doubt,  lava  at  a  certain  depth,  and  some 
of  it  can  be  seen  in  the  bottom  of  the  deeper  craters,  and  the 
fact  of  its  existence  proves  that  a  true  volcanic  eruption  took 
place,  and  that  the  explosion  was  not  due  merely  to  the  pressure 
of  highly-heated  steam.  Small  volcanoes  are  sometimes  pro- 
duced by  steam  explosions,  but  in  such  cases  the  materials 
thrown  out  are  found  to  be  composed  of  shattered  fragments 
of  the  rock  beneath,  unaccompanied  by  matter  of  a  genuine 
eruptive  character. 

The  eruption  of  Tarawera  did  not  last  long — only  about  five 
or  six  hours — but  while  it  lasted'^e  explosion  was  one  of  tre- 
mendous energy.  A  long  row  of  craters,  some  of  them  over  800 
feet  in  depth,  were  blown  out  of  the  solid  rock,  and  from  these 
was  ejected  a  shower  of  stones,  mud,  and  ashes,  estimated  by 
Professor  Thomas  to  have  a  bulk  of  1,960,000,000  cubic  yards, 
or  nearly  two-fifths  of  a  cubic  mile.  The  ash  fell  over  an  area 
of  more  than  6000  square  miles  on  land,  and  a  good  deal  was 
carried  away  seawards  by  the  south-west  wind,  to  fall  into  the 
Bay  of  Plenty. 

The  observations  of  Mr  PeiTy  Smith,  Assistant  Surveyor- 
General,  who  has  from  time  to  time  published  veiy  accurate 
maps  and  reports  on  the  volcano  and  its  surroundings,  show  that 
the  eflFect  of  the  accumulation  of  ash  was  to  raise  the  summit 
of  Tarawera  to  3770  feet,  which  is  164  feet  above  its  original 
altitude. 

The  most  important  change  in  the  topography  of  the  district 
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is  the  formation  of  the  new  Lake  Sotomahana  at  the  western 
Imse  of  the  mountain,  and  about  half  a  mile  south  from  the 
nearest  part  of  Lake  Tarawera.  The  general  appearance  of  the 
new  lake  is  shown  on  the  accompanying  topographic  sketch, 
and  on  the  right  a  small  part  of  the  Tarawera  lake  comes  within 
the  view.  The  crater  lake  of  Botomahana  has  steep  sides,  and 
covers  the  hollow  in  which  were  situated  the  small  Lake  Eoto- 
makariri,  and  the  larger  hot  lake  Sotomahana,  whose  shores 
were  adorned  by  the  terrace  formations.  The  surplus  waters 
overflowed  into  Lake  Tarawera  by  a  small  stream  which  has 
been  obliterated  by  the  eruption.^  During  the  explosion  the 
lake  was  entirely  blown  up,  and  a  huge  hole  formed  with  a 
small  pool  in  the  bottom  about  400  feet  below  its  original 
surface.  The  line  of  the  great  fissure  (shown  on  the  map)  ran 
straight  through  the  top  of  Moimt  Tarawera  and  the  bed  of 
Lake  Sotomahana,  and  a  row  of  craters  mark  its  course  across 
the  country.  Another  crater  lake  further  along  the  line  of  the 
chasm,  and  close  to  the  foot  of  the  mountain,  was  produced  at 
the  same  time,  and  was  named  Sotomakariri,  after  the  original 
tarn  of  that  name.  Both  lakes  have  gradually  been  fiUing  up, 
and  now,  instead  of  together  occupying  an  area  of  about  twenty- 
five  acres,  which  they  did  in  August  1886,  they  have  joined 
into  one  imposing  sheet  of  water,  three  miles  in  length,  5600 
acres  or  more  in  extent.  The  level  of  the  water  was  found, 
from  surveys  made  in  1893,  to  have  risen  420  feet  during  eight 
years,  and  at  the  time  of  my  visit  in  1895  it  had  crept  up  still 
further,  and  covered  up  some  of  the  features  shown  on  Mr 
Percy  Smith's  map  published  in  1894.  When  it  rises  to  1080 
feet  above  sea-level,  or  95  feet  above  its  level  in  1893,  it  will 
either  find  a  subterranean  outlet  through  the  porous  soil,  or  it 
will  overflow  the  ashy  ridge,  and  again  find  an  outlet  to  Lake 
Tarawera.  A  channel  in  the  soft  scoriae  will  again  be  exca- 
vated, by  which  a  considerable  part  of  the  water  will  be  drawn 
off,  and  the  surface  of  the  lake  will,  after  reaching  a  maximum, 
begin  to  decrease  in  area,  leaving  no  doubt  a  small  notch  or 
terrace  round  its  margin  to  show  the  line  of  high-water  mark. 

The  accompanying  topographic  sketch  from  near  the  top  of 
Tarawera  shows  the  appearance  of  Lake  Sotomahana  and  the^ 
country  t<^  the  west  and  south  on  the  27th  September  1895. 
The  day  was  happily  very  clear,  and  we  were  fortunate  in 
catching  a  glimpse  of  the  top  of  Ngauruhoe  and  Tongariro, 
about  ninety  mUes  off  on  the  south-western  horizon ;  and  as 
the  clouds  lifted  for  a  few  minutes,  the  steam  issuing  from  the 
cone  of  Ngauruhoe  (7841  feet)  was  distinctly  visible. 

1  These  orieiDal  topographical  features  are  shown  in  red  lines  on  the  map  of 
Tarawera.    (Plate  X.) 
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A  sharp  pointed  rock,  known  as  the  Pinnacle,  formed  a  pro- 
minent landmark  on  the  north  or  right  side  of  the  Eotomahana 
crater  after  the  eruption.  As  the  water  rose,  the  Pinnacle 
became  an  island,  and  gradually  diminished  in  size  untU  nothing 
but  the  tip  appeared  above  water.  This  was  shown  on  Mr 
Percy  Smith's  panorama,  taken  in  1893,  and  published  along 
with  his  latest  report  in  the  following  year,  and  at  the  time  of 
my  visit  the  continued  rise  of  the  lake  was  clearly  proved  by 
the  diminished  size  of  the  Pinnacle,  which  is  shown  on  the 
sketch  as  a  mere  speck,  and  may  by  this  time  have  completely 
disappeared.  The  Pinnacle  was  close  to  the  White  Terrace  and 
near  the  head  of  the  Kaiwaka  stream,  by  which  the  old  Lake 
Eotomahana  overflowed  into  Lake  Tarawera.  The  course  of 
this  stream  is  still  marked  approximately  by  the  storm  channel 
shown  on  the  sketch. 

The  view  north-eastwards  along  the  volcanic  belt  was  equally 
clear.  The  following  sketch  gives  a  glimpse  of  the  Tarawera 
chasm  and  the  craters  and  bridges  between  them,  and  on  the 
horizon  on  the  left  is  seen,  far  out  to  sea  in  the  Bay  of  Plenty, 
the  great  fumarole  of  "White  Island,  seventy  miles  distant,  from 
which  clouds  of  steam  are  constantly  rising.  The  panorama 
from  Mount  Tarawera  thus  embraced  a  distance  of  160  miles, 
and  included  the  entire  length  of  the  volcanic  zone,  between 
whose  extremes  nearly  all  the  curiosities  of  the  New  Zealand 
Wonderland  are  to  be  seen. 

Eeference  has  been  made  in  this  paper  to  tlie  Yellowstone 
National  Park,  and  nobody  who  has  seen  the  "  wonderlands  "  of 
both  New  Zealand  and  the  United  States  can  resist  making 
comparisons  between  the  kindred  phenomena  of  these  two 
^•olcanic  regions.  The  phase  of  declining  volcanic  activity 
indicated  by  hot  springs,  solfataras,  fumaroles,  and  mud  vol- 
canoes, is  only  a  teiuporaiy  episode  in  the  history  of  an  old 
volcanic  area,  and  but  few  places  are  known  to  us  which  are 
passing  through  this  phase  at  present.  Geyser  action  in  the 
Yellowstone  is  evidently  on  the  decline,  and  even  witliin  the 
last  twenty-five  years  several  of  the  geysers  and  hot  springs 
have  notably  decreased  in  power,  while  all  the  volcanoes  have 
been  extinct  for  many  centuries.  The  geysers  of  the  Yellowstone 
are  more  powerful  than  those  of  New  Zealand,  and  since  the 
destruction  of  the  Terraces  of  Eotomahana,  the  "Minerva  Terrace" 
(Plate  VIII.)  at  the  Mammoth  Hot  Springs,  with  its  exquisite 
ornate  cups  and  basins,  is  probably  finer  than  anything  that  has 
l>een  discovered  of  its  kind  elsewhere.  The  Terraces  of  New 
Zealand  were  precisely  similar  to,  but  far  more  magnificent  than, 
those  of  the  Yellowstone  Park.  Fortunately  we  have  ample 
descriptions  and  photographs    of    the    lost  Terraces,   and  I 
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obtained  several  views  taken  by  Mr  J.  Martin,  F.G.S.,  of  Auck- 
land, from  some  of  which  the  accompanying  illustrations  are 
reproduced.  Mr  Martin  was  engaged  with  his  camera  on  the 
22nd  November  1885  at  the  White  Terrace,  when  suddenly  the 
geyser  at  the  summit  burst  forth  in  an  eruption  of  unprecedented 
violence.  The  steam  ascended  in  a  column  five  times  as  high 
as  the  cliffs  above  the  basin,  and  as  these  are  200  feet  in  height 
the  altitude  of  the  pillar  of  cloud  must  have  been  at  least  1000 
feet.  Mr  Martin  told  me  he  was  successful  in  getting  a  photo- 
graph of  the  eruption,  but  his  camera  was  not  large  enough  to 
take  in  the  whole  of  the  vast  column  of  steam.  The  accom- 
panying block  (Plate  VI.)  is  a  very  poor  reproduction  of  this 
photo,  of  one  of  the  premonitory  signs  of  the  explosion  of 
Tarawera  seven  months  later.  The  photo,  of  the  "  White  Terrace 
Cups  "  (Plate  VIL)  is  from  another  of  Mr  Martin's  plates,  and 
the  exquisite  sinter  formation  so  clearly  represented  here  is 
identical  in  configuration  with  many  parts  of  the  Mammoth 
Hot  Springs  geyser  deposits  of  the  Yellowstone.  For  purposes 
of  comparison,  a  photo,  of  the  Minerva  Terrace  at  the  Mammoth 
Hot  Springs  is  appended.     (Plate  VIII..) 

The  New  Zealand  volcanic  zone,  whose  outline  is  indicated  on 
the  accompanying  map(PlateIX.),alsoabound8insulphurdepo8its 
of  briUiant  hue,  and  seething  mud  holes  of  awesome  aspect,  whose 
dark  and  viscid  contents  are  constantly  bubbling  and  splutter- 
ing like  thick  soup  or  porridge  in  a  pot.  At  many  places  the 
mud  is  so  thick  that  it  has  been  built  up  into  conical  mounds 
with  steaming  craters  at  the  top,  which  resemble  diminutive 
volcanoes  of  the  most  weird  and  grotesque  appearance.  Mud 
volcanoes  and  "  paint  pots  "  of  white  or  coloured  clay  are  also 
common  in  the  Yellowstone  Park,  but  in  number  and  size  their 
New  Zealand  relatives  far  surpass  them.  One  of  the  largest  I 
noticed  had  the  size  and  shape  of  a  hayrick.  It  was  12  or  more 
feet  in  height,  and  consisted  of  dark  slate-coloured  clay,  with  a 
shallow  crater  on  the  top  in  which  the  viscid  fluid  w^as  bubbling 
languidly,  as  if  the  fire  had  gone  low  and  the  water  was  about 
to  go  "  off  the  boil."  In  other  cases  the  fire  had  gone  quite 
out,  and  the  extinct  mud  volcano  was  represented  by  a  dirty 
mound  in  the  midst  of  the  ti-tree  bush,  soon  to  be  worn 
away  by  denudation  and  obliterated  by  the  rapid  growth  of 
vegetation. 

These  and  many  other  manifestations  of  the  proximity  of  the 
subterranean  fires  make  "  Infernal  New  Zealand "  a  place  of 
unusual  interest  to  the  physical  geologist.  The  sudden  and 
terrible  eruption  of  Tarawera  shows,  however,  that  the  region 
is  in  a  state  of  more  or  less  unstable  equilibrium,  and  another 
explosion  might  at  any  time  take  place  between  Tarawera  and 
the  Taupo  district. 
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XXVII. — Notes  on  the  Minerals  of  the  Hilderston  Silver  MiiieSy 
Linlithgow,  By  J.  G.  GooDCHiLD,  H.M.  Geological  Survey, 
F.G.S.,  Curator  of  the  Collections  of  Scottish  Geology  and 
Mineralogy  in  the  Edinburgh  Museum  of  Science  and  Axt. 

(Read  7th  May  1896.) 

Considerable  interest  is  felt  by  both  geologists  and  mineral- 
ogists in  regard  to  the  geological  position  and  mode  of  occur- 
rence of  the  "  Silver  Ore  "  in  this  oft-described  locality.  On  the 
Geological  Survey  map,  Sheet  31,  the  mine  is  shown,  by  three 
short  gilded  lines,  about  two  miles  NNE.  of  Bathgate,  and  near 
one  of  the  highest  points  of  the  Bathgate  hills.  Its  geological 
position  is  in  the  upper  part  of  the  Lower  Carboniferous  Eocks 
in  connection  with  a  series  of  basalt  lavas  and  tuffs,  which  occur 
interstratified  with  marine  Umestones,  charged  with  numerous 
specimens  of  Productus  gigantmis.  This  fossil  is  now  generally 
recognised  as  being  confined,  all  over  Western  Europe,  to  the 
limestones  near  the  base  of  the  Yoredale  Rocks,  to  which  horizon, 
therefore,  the  Hurlet  or  Main  Limestone  of  the  Bathgate  hills, 
in  which  the  silver  mine  is  situated,  must  henceforth  be  referred. 
One  or  two  small  dykes  are  intruded  into  the  rocks  adjoining 
the  veins.  These  latter  appear  to  be  fissure  veins,  which  prob- 
ably coincide  with  faults  of  no  great  magnitude. 

The  minerals  themselves  may  be  noticed  under  two  heads. 
The  first  of  these  comprises  those  which,  not  being  original  con- 
stituents of  the  rock,  yet  occur  in  noticeable  quantity  around 
the  veins.  Of  these  the  only  ones  calling  for  any  special 
remark  are  some  fine  crystals  of  Calcite,  chiefly  of  the  form  e ; 
and  besides  this,  somewhat  extensive  deposits  of  Dolomite. 
This  latter  occurs  as  a  replacement-product  of  part  of  the 
limestone,  and  may  be  referred  to  the  infiltration  of  magnesian 
solutions  derived  either  from  the  decomposition  of  the  ferro- 
magnesian  silicates  in  the  associated  lavas,  or  else  from  solu- 
tions of  the  same  composition  which  have  percolated  downward 
from  the  New  Bed  Eocks,  which  there  is  reason  to  believe 
formerly  extended  over  the  Carboniferous  Rocks  of  that  part, 
and  have  left  their  mark  in  the  shape  of  red-stained  sandstones 
and  ferrified  and  dolomitised  limestones,  over  so  nmch  of  the 
central  and  southern  parts  of  Scotland. 

Under  the  second  heading  comes  the  minerals  which  occur 
in  the  vein  itself.  The  principal  vein-mineral  is  Barytes, 
which  occurs  in  both  the  massive  form  and  in  its  very  common 
•condition  of  sheaves  of  thin  tabular  crystals.  No  crystalline 
forms  specially  worth  mentioning  appear  hitherto  to  have  been 
met  with  in  these  mines. 

VOL.  vn.PART  m.  o 
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Associated  with  the  vein-breccia  in  which  the  Barytes  occurs 
are  small  scattered  nests  and  crystalline  masses  of  Galena. 
From  these  Mr  James  Currie  recently  obtained  some  well- 
crystallised  combinations  of  the  cube  and  the  octahedron. 

Galena  very  commonly  contains  a  percentage — usually 
variable,  and  but  rarely  very  high — of  silver,  which  is  supposed 
to  exist  in  the  galena  as  a  solid  solution,  and  to  consist,  like  its 
solvent,  of  a  sulphide.  On  the  occasion  of  the  recent  visit 
of  the  Geological  Societies  of  Edinburgh  and  Qlasgow  to  the 
Hilderston  Mine,  the  party  were  informed  by  Mr  Henry  Aitken 
of  Falkirk,  who  courteously  showed  them  over  the  mine,  that 
imrt  of  the  galena  at  present  being  won  from  the  mine  contains 
but  a  very  small  percentage  of  silver.  But  if  we  can  credit 
ancient  records  relating  to  this  mine  the  case  in  past  times  must 
have  been  very  different. 

To  students  of  mineralogy,  however,  the  chief  interest  of  the 
mine  as  it  stands  at  the  present  day  is  of  a  different  nature. 
This  is  the  case,  because,  associated  with  the  galena  before- 
mentioned,  there  occurs  a  quantity  of  Niccolite  or  nickel  arsenide^ 
which  is  not  known  to  occur  at  more  than  three  or  four  other 
localities  in  Scotland.  These,  it  may  be  mentioned,  are  Ach- 
na-Gonolan,  Inverness ;  Edintien,  Blair- Athol ;  Cassencary, 
Kirkcudbright ;  and  West  Groove,  Wanlockhead.  A  remark- 
ably fine  specimen  of  the  Niccolite  from  Hilderston  Mines  has 
lately  been  presented  to  the  collection  of  Scottish  minerals  in 
the  Edinburgh  Museum  by  W.  Drummond,  Esq.,  W.S.  Others 
from  the  localities  above-mentioned  have  been  presented  by 
Dr  Heddle  and  a  few  other  donors. 

Associated  witli  the  Niccolite  of  the  Hilderston  mines  occurs 
another  ore  of  nickel,  its  hydrated  arsenate,  Annabergite, 
Ni2(As04)'8H20.  This  occurs  as  a  pale-green,  earthy  encrusta- 
tion, and  has  doubtless  originated  tlirough  the  oxydation  and 
hydration  of  the  nickel  arsenide  by  the  action  of  percolating 
waters  from  the  surface. 

Nickel  compounds  are  so  very  commonly  found  in  association 
with  compounds  of  Cobalt  that  the  occurrence  of  some  of  these 
latter  at  Hilderston  might  reasonably  have  been  expected. 
Little  surprise,  therefore,  was  felt  when  one  member  of  the 
party  above-mentioned,  Mr  George  L.  Craig,  of  Edinburgh,  after 
a  visit  to  the  bottom  of  the  present  workings  at  Hilderston,. 
brought  up  a  specimen  of  ore  coated  with  a  peculiar  pink,  chalky- 
looking  encrustation,  which,  in  appearance,  may  be  well  likened 
to  a  common  form  of  dentrifice.  On  examination  of  this  pinkish 
encrustation  the  writer  of  this  note  identified  Mr  George  Craig's 
specimen  with  Erythrite,  the  hydrated  arsenate  of  cobalt,  which 
had  previously  been  recorded  from  this  mine  and  from  only  one 
other  Scottish  locality,  Cassencary  in  Kirkcudbrightshire. 
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XXVIIL — Desert  Conditions  in  Britain,  An  Address  to  the 
Geological  Society  of  Edinburgh,  at  their  Opening  Meeting 
on  the  19ih  Ncyoember  1896.^  By  J.  G.  Goodchild,  H.M. 
Geological  Survey,  F.G.S.,  F.Z.S.,  Curator  of  the  Collections 
of  Scottish  Geology  and  Mineralogy,  Edinburgh  Museum 
of  Science  and  Art,  Vice-President     (Plate  XI.) 


It  has  long  been  recognised  by  geologists  that,  amongst  the 
geographical  mutations  which  all  parts  of  the  earth's  surface 
hat'e  at  one  time  or  another  undergone,  the  change  from  humid 
t<)  arid  climatal  conditions  has  several  times  had  a  place.  It  has 
now  and  then  happened  in  past  times,  even  in  Britain,  that 
conditions  of  the  normal  kind,  as  r^ards  rainfall,  have  subse- 
c^uently  given  place  for  a  time  to  true  desert  conditions,  diflfering 
in  no  essential  respect  from  those  prevailing  in  many  arid 
regions  at  the  present  day. 

By  desert  conditions,  as  here  understood,  is  meant  that  com- 
bination of  geographical  conditions  which  has  led  to  certain 
parts  of  the  earth's  surface  receiving  a  smaller  annual  pre- 
cipitation than  suffices  for  the  maintenance  of  any  types  of 
vegetation  except  those  specially  adapted  by  evolution  to  an 
environment  in  which  aridity  is  the  dominant  feature.  As 
typical  examples  of  the  conditions  referred  to  may  be  cited  the 
Sinaitic  Peninsular,  parts  of  Afghanistan,  the  great  Central 
Asian  deserts,  as  well  as  the  more  arid  parts  of  western  North 
and  South  America.  As  regards  temperature  these  regions 
widely  differ  from  each  other;  whence  it  will  be  seen  that 
the  prevalence  of  excessive  sun-heat  is  by  no  means  a  special 
characteristic  of  desert  regions. 

In  one  respect  all  areas  of  Inland  Drainage  may  be  regarded 
as  areas  where  desert  conditions  prevail.  Under  the  existing 
geographical  conditions  of  the  earth's  surface  the  areas  of  inland 
drauiage  occupy  an  area  11,486,350  square  miles,*  which,  as  the 
area  of  land  draining  into  the  ocean  is  estimated^  at  44,211,050 
square  miles,  makes  the  proportional  area  of  the  one  to  the 
other  as  about  as  one  to  four.     Dr  Murray  gives  as  the  total 

^  The  same  Address  was  also  given  as  the  Inangaral  Address  to  the  Philo- 
sophical Society  of  St  Andrews,  and  afterwards  before  the  Geological  Society 
of  Glasgow. 

*  Dr  John  Murray,  Roy.  Scot.  Geog.  Mag.,  vol.  iii.  p.  75.  '  Loc,  eit. 
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area  of  the  oceaii  141,243,300  square  miles.  The  area  of  inland 
drainage  is  to  the  area  of  oceanic  drainage,  therefore,  about  as  one 
to  fourteen.  If  we  assiune  that  the  various  geographical  con- 
ditions of  the  earth's  surface  in  the  past  periods  of  its  history 
were,  taking  one  time  with  another,  combined  in  much  the 
same  proportion  to  each  other  as  they  are  now,  then  on  this 
assumption  we  might  expect  to  find  records  of  marine  conditions 
amongst  ancient  rocks  from  twelve  to  fifteen  times  as  frequently 
as  we  should  records  of  conditions  of  inland  drainage.  As  a 
matter  of  observation,  this  is  about  the  proportion  which  the 
iXKjks  formed  under  conditions  of  inland  drainage  bear  to  those 
formed  in  the  sea. 

Dr  Murray  defines  Desert  Conditions  as  those  which  pi-evail 
where  the  annual  rainfall  does  notexceed  10  inches.  Dr  Murray's 
figures  {pp.  dt.,  p.  74),  give  as  the  area  where  these  cliinatal 
conditions  prevail  12,214,250  square  miles.  I  should  be  dis- 
posed to  modify  this  definition  to  a  certain  extent,  and  to  include 
under  areas  of  Desert  Conditions  all  those  areas  where  the  total 
quantity  of  aqueous  vapour,  normally  present  in  the  air,  is 
much  below  the  average.  These  conditions  may  prevail  where 
the  rainfall  exceeds  10  inches  ;  for  it  may  happen  that  the  total 
quantity  of  rain  precipitated  during  occasional  thunderstoniis 
may  amount  to  considerably  more  than  that,  and  yet  periods  of 
several  months,  and  even  years,  may  elapse  without  more  than 
an  occasional  shower,  quite  insufiicient  for  the  needs  of  vegeta- 
tion. Arid  conditions  of  this  nature  are  usually  due  to  the  fact 
that  the  regions  where  they  prevail  lie  inland  in  relation  to 
great  mountain  areas,  over  which  the  chief  moisture-bearing 
winds  have  passed.  Such  upland  areas  act  as  condensers,  and 
wring  every  available  drop  of  moisture  out  of  the  clouds  that 
pass  over  them,  leaving  little  or  none  to  be  transported  to  the 
areas  on  their  lee  side. 

Two  results  of  considerable  geological  importance  result  from 
arid  conditions  of  the  kind  under  notice.  Firstly,  in  a  region 
where  the  rainfall  is  either  low  or  very  irregular  in  its  occur- 
rence, vegetation  of  almost  every  kind  fails  to  retain  a  perma- 
nent footing.  As  a  consequence,  sooner  or  later,  large  tracts  of 
country,  which  under  normal  conditions  of  climate  would  bi^ 
covered  with  soil,  speedily  become  bare  and  tend  to  remain  in 
that  condition :  animal  life,  also,  tends  to  be  but  poorly  repre- 
sented. Secondly,  in  a  region  where  the  percentage  of  €ujueous 
vapour  present  in  the  air  is  below  the  normal,  both  insolation 
and  radiation  attain  to  much  higher  extremes.  It  is  a  well- 
known  fact  that  the  presence  of  aqueous  vapour  in  the  air  tends 
to  act  as  a  screen  to  the  sun's  rays  during  the  day,  thereby  very 
materially  tempering  their  effect  upon  rock  surfaces,  and  tends 
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equally  to  act  as  a  blanket  by  night,  checking  the  radiation  to  a 
very  important  extent.  Where  the  amount  of  moisture  present 
in  the  atmosphere  is  but  small,  the  sun's  rays  exert  their  maxi- 
mum power,  and  heat  up  the  rock-surfaces  to  their  fullest  extent 
within  a  comparatively  short  time.  In  like  manner  the  absence 
of  the  blanket  formed  by  moist  air  permits  of  the  rocks  cooling 
down  with  equal  rapidity  to  a  very  low  point.  In  arid  tropical 
regions,  rocks,  stones,  and  sand,  heat  up  by  about  2  P.M.  to 
temperatures  so  high  that  the  hand  can  scarcely  bear  to  touch 
them;  while  by  about  3  A.M.  the  air  in  contact  with  these  same 
rocks  may  be  at  or  below  the  freezing  point.  In  arid  regions 
situated  within  the  temperate  zones,  the  effects  of  insolation 
and  radiation  are  hardly  less  marked,  and  the  diurnal  range  of 
temperature  to  which  the  rocks  are  subjected  is  considerably 
greater  there  than  that  which  can  possibly  obtain  in  more 
humid  regions. 

In  Walther's  "Die  Denudation  in  der  Wiiste  und  ihrer 
Geologischen  Bedeutung,"  the  chapter  devoted  to  the  diurnal 
range  of  temperature  in  Egypt  and  the  parts  adjoining  is  full  of 
interest  in  this  respect  (see  p.  359  et  seq,).  Not  to  enter  into 
details  here,  it  may  suflBce  to  point  out  some  of  the  consequences 
of  geological  interest  which  arise  from  such  an  excessive  diurnal 
range.  In  Britain  and  other  countries  where  humid  conditions 
prevail,  the  expansion  of  rocks  caused  by  sun-heat  during  the 
day  does  not  as  a  rule  proceed  beyond  the  mean,  and  the  rise  of 
temperature  and  the  consequent  expansion  of  the  rocks  takes 
place  gradually.  In  like  manner  the  fall  of  temperature  and 
the  consequent  diminution  of  volume  of  the  rocks  is  also  moderate, 
and  takes  place  nearly  always  at  a  slow  rate.  Consequently  the 
effects  of  insolation  and  radiation  are  with  us  factors  in  denuda- 
tion of  no  more  than  secondary  importance.  They  are  certainly 
of  much  inferior  importance  as  factors  in  denudation  to  the  effect 
of  such  chemical  causes  as  the  solvent  action  of  rain  water 
chai^d  with  the  humus  acids,  and  their  ultimate  term  carbonic 
acid.  The  difference  between  arid  and  humid  conditions, 
especially  where  limestones  and  rocks  of  eruptive  origin  are 
concerned,  is  most  marked  and  impoilant.  In  the  one  case  the 
extreme  diurnal  range  of  temperature,  which  may  amount  to 
130"*  Fahrenheit,  splinters  and  shatters  the  rocks  into  angular 
frs^ments  (some  of  which  may  be  of  several  tons  in  weight),  at 
the  same  time  leaving  them  almost  entirely  unaffected  by  any 
changes  of  a  chemical  nature.  In  the  other  case,  that  of  de- 
nudation under  humid  conditions,  the  waste  of  the  rock  is  chiefly 
accomplished  by  means  of  chemical  changes ;  the  mechanical 
effects  are  usually  quite  subordinate  to  those  which  have  been 
termed  decomposition.     Limestones  in  arid  districts  splinter  off 
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from  the  parent  masB  in  angular  blocks,  which  shew  no  sign  of 
chemical  erosion.  Under  humid  conditions  the  same  rock 
presents  abundant  evidence  of  being  fretted  and  corroded  by 
the  acidulated  waters,  whose  action  ends  only  in  the  entire 
solution  of  the  rock  and  its  transportal  seawards  as  bicarbonate. 
Eruptive  rocks  under  humid  conditions  disintegrate  chiefly  by 
the  decay  of  their  felspars,  from  which  the  alkalies  are  removed 
in  solution,  combined  with  COg.  Under  arid  conditions  these 
rocks  splinter  off  in  angular  fragments,  whose  constituents,  and 
especially  whose  felspars  remain  quite  fresh,  and  not  in  the  least 
kaolinised. 

Another  factor  of  importance  in  the  present  connection  re- 
lates to  the  structure  of  eruptive  masses.  These,  of  course, 
consist  of  usually  three  or  more  crystalline  silicates,  together 
with,  in  some  cases,  an  interstitial  ground  mass.  Supposing, 
for  argument's  sake,  that  these  minerals  are  felspars  of  two 
kinds,  quartz,  and  hornblende,  we  have  a  rock  whose  con- 
stituents are  difierent  not  only  in  their  composition  but  also  in 
their  physical  properties.  Their  specific  heats  are  different,  so 
that  under  a  given  temperature  they  warm  (or  cool)  unequally 
in  a  given  time.  Their  rates  of  expansion  for  a  given  rise  of  tem- 
perature are  not  only  different  amongst  themselves,  but  are  differ- 
ent in  different  directions  for  each  crystal.  Hence,  with  a  rapid 
change  of  temperature  every  twenty-four  hours,  the  unequal 
expansion  and  contraction  not  only  loosens  the  cohesion  of  the 
several  minerals  to  their  neighbouring  minerals  adjoining,  but, 
in  the  case  of  the  hornblende,  tends  to  splinter  the  individual 
crystals  into  fine  slender  threads,  which  are  easily  removetl 
from  the  waiting  rock  even  by  a  gentle  breeze.  The  felspars 
split  along  their  dominant  cleavage  planes,  and  fall  away  from 
the  rock,  retaining,  however,  their  faces  as  bright  and  fresh  as 
if  they  had  been  newly  hammered  out  of  a  perfectly  soimd 
piece  of  rock.  No  such  freshness  or  angularity  of  felspar 
fragments  is  possible  as  a  result  of  weathering  under  humid 
conditions. 

Thus  it  arises  that,  in  arid  regions,  eruptive  rocks  waste  in  a 
totally  different  fashion  from  what  they  do  in  humid  areas. 
Their  ferro-magnesian  silicates  disintegrate  under  insolation, 
and  are  blown  away  by  the  wind.  Their  felspars  break  up  into 
fresh  and  perfectly  angular  fragments,  which,  as  sci-ees,  slide 
down  the  mountain  sides  in  the  direction  of  the  bottom  of  the 
valleys.  The  quartz,  simply  detached  from  its  matrix,  suffers, 
at  the  most,  but  a  mechanical  reduction  in  size.  In  course  of 
time  an  occasional  thunderstorm  bursts  over  the  area,  the  screes 
are  washed  to  the  bottom  of  the  valley  or  wady,  and  are  there 
levelled  out  by  the  temporary  flood.     Then  follows  a  period  of 
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drought,  during  which  the  wind  takes  up  the  work  of  deposition, 
and  spreads  out  more  or  less  horizontal  layers  of  finer  material 
over  the  torrent  debris  just  before  brought  down.  In  this  way 
well-stratified  alternations  of  arkose  and  finer  rock  material, 
lai^ly  consisting  of  sand,  are  being  formed  in  the  wadys  of 
desert  areas  of  the  present  day. 

The  prevalent  tendency  of  desert  denudation  is  to  reduce  the 
inequalities  of  the  surface  and  not  to  create  valleys.  Wadys, 
therefore,  are  in  all  cases  the  effect  of  running  water,  and  must 
have  been  formed  under  climatal  conditions  of  a  normal  or 
humid  character,  which  formerly  prevailed  where  these  now 
occur. 

Excellent  examples  of  the  phenomena  referred  to  are  to  be 
seen  in  the  Sinaitic  Peninsula.^  In  that  area  the  Nubian 
Sandstone,  &c.,  formerly  overspread  a  nearly  level  tract  formed 
of  gneisses  and  granitoid  rocks.  These,  subsequently  upheaved 
into  great  plateaux,  were  for  a  long  time  exposed  to  the  denud- 
ing action  of  rain  and  rivers,  when  humid  conditions  prevailed  in 
that  area.  Deep  and  wide  valleys  were  thus  excavated.  Then 
came  a  gradual  change,  which  ended  in  replacing  humid  con- 
ditions by  arid,  and  in  the  formation  of  deserts.  The  rocks  no 
longer  weather  in  their  former  fashion,  but  splinter  up  under 
the  alternate  expansion  and  contraction  due  to  the  high  diurnal 
range  of  temperature.  Angular  quartz  grains  and  angular 
pieces  of  perfectly  fresh  felspar  are  now  detached  from  the 
mountain  sides,  while  the  dark  mica  and  the  hornblende  blow 
away  as  fine  black  dust.  Screes  accumulate  on  the  sides  of  the 
wadys  until  one  of  the  occasional  torrential  rains  descends  upon 
them,  when  they  are  transported  to  the  bottom  of  the  wady 
as  torrent  debris,  and  are  spread  out  by  the  floods  in  rudely 
parallel  layers,  over  which  afterwards  dunes  are  drifted,  and 
eventually  levelled  out.  I  shall  endeavour  to  show  in  the  con- 
cluding part  of  this  address  that  conditions  very  similar  to  these 
have  more  than  once  or  twice  obtained  within  the  limits  of  what 
are  now  the  British  Isles. 


Ill  a  region  where  the  rainfall  is  low  it  not  uncommonly 
happens  that  the  wind  assumes  an  importance  as  an  agent  of 
both  denudation  and  deposition  far  greater  than  it  does  in 
humid  climates  like  our  own.  Large  quantities  of  the  finer 
material,  loosened  by  insolation,  are  drifted  far  and  wide  by  the 
winds,  abrading  rock  surfaces  as  they  are  driven  past  them  in 
such  a  fashion  as  to  produce  ver}'  remarkable  surface  features. 

'  An  extensive  series  of  photographic  views  of  these  was  projected  by  the 
limelight  in  illustration  of  this  when  the  present  address  was  delivered. 
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Some  examples  of  these  are  figured  by  Walther  in  the  work 
above  mentioned.  (I  have  long  taught  in  my  geology  courses 
that  the  first  rough  shaping  of  the  Sphinx  itself  was  due  to  the 
long-continued  action  of  this  natural  sandblast.)  Good  examples 
on  a  small  scale,  from  British  localities,  are  exhibited  in  the 
Geological  Index  Collection  in  the  Galler}*^  of  Scottish  Geology 
and  Mineralogy  in  the  Edinburgh  Museum  of  Science  and  Art. 
Erosion  by  means  of  blown  sand  not  only  files  and  rasps  away 
rock  surfaces  in  a  fashion  different  from  that  produced  by  any 
other  natural  agency,  but  the  sand  grains  themselves,  as  well  as 
the  material  acted  upon,  are  polished,  smoothed,  pitted,  and 
rounded,  in  a  manner  peculiar  to  this  mode  of  erosion.  As 
the  means  by  which  this  is  accomplished  have  considerable 
geological  interest,  and  are  not  commonly  understood,  I  will 
devote  a  few  lines  to  such  explanation  as  may  he  necessary : — 

In  the  shaping  of  sand  grains  in  general  three  principal 
factors  are  concerned.  These  are — (1)  Solar  energy,  which  sets 
the  wind  and  the  waves  to  work ;  (2)  Gravitational  Energy, 
which  acts  in  opposition  to  the  energy  directly  emanating  from 
the  sun ;  (3)  Surface  Tension,  a  form  of  energy  which  in  the 
present  connection  is  of  especial  interest  and  importance.  Solar 
heat  distils  aqueous  vapour  from  the  broad  surface  of  the 
ocean,  winds  drift  it  landward,  where  it  is  chilled  and  con- 
densed into  rain  or  snow,  finally  descending  under  the  action  of 
gravitation  from  the  level  to  which  it  had  been  lifted  by  the 
sun's  energy  back  again  to  the  level  of  the  sea.  Flowing  down- 
hill in  obedience  to  the  force  of  gravitation,  it  transports  sea- 
wards rock  fragments  of  various  kinds,  gradually  reducing  these 
to  successively  smaller  fragments  as  it  proceeds  from  higher  to 
lower  levels.  In  order  to  understand  the  bearing  of  thre  upon 
the  subject  of  the  present  address,  we  must  first  consider  the 
principles  which  determine  the  ratio  between  the  superficial 
area  and  the  volume  (and  therefore  the  weight)  of  a  stone 
which  is  imdergoing  reduction  in  size  under  the  joint  action  of 
gravitation  and  the  forces  that  work  with,  or  act  against,  that 
form  of  energy. 

The  surfaces  of  bodies  of  similar  figure,  but  different  in  size, 
vary  as  the  square  of  their  linear  dimensions.  For  example, 
the  surface  of  a  cube  1  inch  by  the  side  presents  an  area  of  6 
square  inches,  while  that  of  a  sphere  of  the  same  diameter  is 
3*14159  (&c.)  square  inches.  If  the  linear  dimension  of  the 
cube  be  doubled,  its  surface  area  is  increased  in  the  proportion 
of  2  X  2  X  6,  i.e,,  24  square  inches ;  while  the  same  increase  in 
the  case  of  the  sphere  augments  its  superficial  area  in  the  pro- 
portion of  2  X  2  X  31416,  i,e,,  12'566  square  inches.  If  the  one- 
inch  cube  be  reduced  to  a  cube  half-an-inch  by  the  side,  its 
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surface  area  is  diminished  from  6  square  inches  to  an  area  of  an 
inch  and  a  half.  A  sphere  with  a  diameter  of  1  inch  ha.s  a 
surface  area  of  3'14159  square  inches ;  while  if  it  be  reduced  to 
half  that  diameter  its  surface  area  will  diminish  to  '78539  of  a 
square  inch. 

But  in  the  case  of  volumes  of  bodies  with  similar  figure  that 
differ  in  size,  it  is  well-known  that  these  volumes  increase  as  the 
cube  (or  decrease  as  the  cube  root)  of  their  respective  linear 
dimensions.  A  spherical  stone  1  inch  in  diameter  has  a  volume 
of  -5236  of  a  cubic  inch  (and  a  surface  area  of  31416  square 
inches) ;  but  if  that  stone  be  worn  down  from  a  diameter  of  1  inch 
t<>  that  of  ^  an  inch,  its  volume  is  diminished  to  '06545  of  a  cubic 
inch  (its  surface  area,  as  already  mentioned,  being  '78539  of  a 
square  inch.)  This  is  one  way  of  stating  the  fact  that  bodies 
of  similar  figure,  with  enlargement  of  dimensions,  increase  in 
volume,  and  therefore  in  weight,  much  faster  than  tliey  increase 
in  surface ;  or  that,  with  reduction  of  dimensions,  they  decrease 
in  volume,  and  therefore  in  weight,  faster  than  they  decrease  in 
superficial  extent.  To  put  this  into  simpler  language,  one  may 
say  that,  when  a  grain  of  sand  is  being  worn  down,  its  surface 
area  does  not  lessen  so  fast  as  its  weight  does,  but  becomes  pro- 
portionately larger ;  in  fact,  with  each  halving  of  the  diameter  of 
a  sphere  the  ratio  of  its  surface  area  to  its  weight  is  doubled. 
A  quotation  from  Sorby's  address  may  he  added  here  to  illustrate 
one  of  the  applications  of  this  principle  (Q.J.G.S.,  xxxvi.,  jjp. 
32-3) :  "  The  friction  [of  a  sand  grain  ^]  upon  the  bottom  must 
lie  always  small  .  .  .  and  must  vary  as  the  weight,  and  therefore 
as  the  cube  of  the  diameter ;  but  the  surface  from  which  the 
material  must  be  worn  [or  which  the  grain  presents  to  the 
fluid]  varies  as  the  square  of  the  diameter.  Hence,  even 
iimking  no  allowance  for  the  extra  buoying-up  of  very  minute 
particles  by  a  current  of  water,  depending  upon  surface  cohesion 
[now  called  Surface  Tension],  the  effect  of  wearing  on  the  form 
of  sand  grains  must  vary  directly  as  their  diameter  or  there- 
abouts. If  so,  a  grain  ^  of  an  inch  in  diameter  will  be  worn 
ten  times  as  much  as  one  jhs  of  an  inch  in  diameter,  and  at 
least  a  hundred  times  as  much  as  one  tdW  of  an  inch  in  diameter. 
...  A  grain  A  of  an  inch  in  diameter  would  be  worn  as  much  in 
drifting  a  mile  as  one  ijfojf  of  an  inch  in  being  drifted  100  miles." 

We  may  now  pass  on  to  consider  this  form  of  energy,  which 
is  here  referred  to  as  Surface  Tension.  This  is  as  yet  some- 
what imperfectly  understood ;  but  some  idea  of  its  general  nature 
may  be  gathered  by  studying  the  phenomena  that  often  accom- 
pany the  pouring  of  fluids  out  of  earthenware  vessels  provided 
with  lips  or  spouts.  Pouring  tea  out  of  a  glazed  earthenware  tea- 
^  My  own  remarks  are  added  in  square  brackets. 
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pot  shews  this  in  many  cases  remarkably  well  In  the  hands  of 
those  not  accustomed  to  perform  this  household  duty,  the  tea 
which  is  meant  to  fall  in  a  graceful  curve  from  the  spout  into 
the  tea-cup,  will,  instead  of  doing  so,  persist  in  running  a  vari- 
able distance  along  the  underside  of  the  spout,  whence  it 
eventually  drips  off  from  the  vessel  at  a  point  far  removed  from 
that  which  was  either  expected  or  desired.  A  study  of  this 
homely  illustration  will  enable  us  to  realise  the  fact  that  there 
are  evidently  in  this  case  two  independent  sets  of  forces  at 
work :  gravitation  (if  it  be  not  interfered  with)  tends  to  make 
the  tea  drop  perpendicularly  from  the  end  of  the  spout ;  while 
some  other  force  of  a  different  kind  is  evidently  counteracting 
that  of  gravitation,  and  is  tending  to  make  the  tea  adhere  to 
the  surface  of  the  glazed  earthenware,  and  so  to  remain  in  con- 
tact with  the  teapot  as  long  as  possible.  This  force  is  that  of 
Surface  Tension.  The  course  taken  by  the  fluid  is  readily  seen 
to  be  one  compounded  of  motions  arising  from  the  joint  action 
of  gravitation,  surface  tension,  and  the  impulse  given  at  the 
outset  by  the  operator. 

Surface  Tension,  illustrated  by  this  example,  operates  in 
nature  in  a  great  variety  of  ways,  acting,  indeed,  between  every 
fluid  and  any  solid  with  which  that  fluid  may  be  in  contact 
The  results  differ  very  materially,  according  to  the  respective 
natures  of  both  the  fluid  and  the  solid.  They  differ  in  the  case 
of  the  contact  of  the  same  fluid  with  different  solids,  and  in 
that  of  the  same  solid  in  contact  with  different  fluids.  More- 
over, in  the  operation  of  natural  causes,  the  effect  is  further 
complicated  by  the  ratio  which  the  bottom  velocity  of  the 
transporting  medium  bears  to  the  superficial  area,  the  weight, 
and  the  durability,  of  the  material  operated  upon,  as  well  as,  of 
course,  upon  the  distance  the  particles  travel,  or  the  time 
during  which  the  forces  act.  Much  valuable  information  upon 
these  heads  is  given  in  Sorby's  Presidential  Address  to  the 
Geological  Society  of  London  (Q.J.6.S.,  vol.  xxx^i.,  p.  32.)  See 
also  Caubree's  Geologic  JSxperi^iiental,  and  J.  A.  Phillip's  "  On 
the  Physical  History  of  Grits  and  Sandstones  "  (Q.J.G.S.). 

It  follows  from  these  considerations  that,  in  the  process  of 
wearing  down  a  grain  of  sand  l)y  friction  on  the  bottom,  imder 
the  impulse  imparted  by  fluids  in  motion,  surface  tension 
becomes  more  and  more  effective  in  proportion  as  the  surface 
area  of  the  grain  increases  relatively  to  the  weight.  Eventually 
a  stage  of  reduction  is  reeiched  at  which  the  adhesion  l)etween 
the  moving  fluid  and  the  grain  is  sufficient  to  coimteract  the 
opposing  effect  of  gra\4tation.  Wlien  tliat  is  the  case  the  grain 
is  buoyed  up  by  the  fluid  and  carried  forward  as  if  it  were  part 
of  the  fluid  itself.    After  this,  further  rounding  of  that  graui  hi 


Digitized  by  VjOOQIC 


DESERT  CONDITIONS  IN  BRITAIN.  211 

that  particular  medium  is  no  longer  possible.  Hence  the  grains 
of  sand  which  have  been  shaped  as  such  in  either  sea- water  or 
river-water  tmdeigo  no  further  rounding  after  they  have  been 
reduced  below  certain  dimensions,  which  are  determined  by  the 
factors  above  mentioned. 

[It  should  be  mentioned  here  that  this  latter  aspect  of  the 
subject  under  notice  was  most  admirably  set  forth  by  Professor 
Heddle  of  St  Andrews  in  an  address  on  "  Sand,"  delivered  before 
the  Edinburgh  Field  Naturalists  in  1896.  The  writer  is  indebted 
to  Dr  Heddle  for  many  additions  to  his  geological  knowledge  in 
this  and  other  directions.] 

Like  water,  air  is  a  fluid,  and  there  is  exerted  between  a  given 
sand-grain  and  the  atmospheric  air  surrounding  it  a  certain 
amount  of  surface  tension  too.  But  this  is  very  much  lower 
than  it  is  in  the  case  of  water ;  consequently  gravitation  in  this 
case  acts  with  more  effect.  This  is  another  way  of  stating  the 
fact  that  a  sand  grain  impelled  by  the  air  will  tend  to  be  rolled 
against  other  sand  grains,  and  bowled  along  in  contact  with 
rock  surfaces  long  after  its  size  has  been  reduced  to  that  of  the 
smallest  which  the  action  of  water  of  any  kind  can  possibly 
round.  Given,  therefore,  sufficient  time,  and  wind  is  capable  of 
reducing  sand  grains  of  almost  all  sizes  into  a  more  or  a  less 
spherical  form  by  prolonged  friction  against  each  other  and 
against  surfaces  of  rock.  As  a  matter  of  fact  this  is  exactly 
what  does  happen.  The  long-continued  rolling  and  drifting  to 
which  desert  sands  have  been  subjected  ends  by  shaping  a  large 
proportion  of  the  sand  grains  into  smaller  spheres.  The  spherical 
form  of  the  grains  and  their  pitted  and  polished  surface  are  thus 
distinctive  characteristics  of  desert  sands.  (This  was  well 
illustrated  by  photomicrographs  of  sea-sand  and  desert-sand 
exhibited  when  this  Address  was  delivered,  see  Plate  XI.) 

Putting  tliis  statement  into  another  fonn,  we  may  conclude 
with  a  tolerable  amount  of  certainty  that  any  sandstcme  largely 
composed  of  well-rounded  grains  of  sand,  represents  a  desert 
sand,  and  was  formed  under  arid  conditions,  on  a  land  surface. 
We  shall  presently  see  that  abundant  confirmation  of  the  cor- 
rectness of  this  inference  is  afforded  by  other  sets  of  facts,  to 
which  reference  will  presently  be  made. 

One  of  the  characteristic  modes  of  accumulation  of  desert 
sands  is  in  the  form  of  dunes,  which  are  often  of  considerable 
size.  Their  longer  axes  are  said  to  range,  in  a  great  many  cases, 
north  and  south,  as  if  determined  by  the  earth's  rotation.  False 
bedding  at  exceptionally-high  angles  is  another  characteristic  of 
desert  sands ;  and  it  is  said  that  the  dominant  direction  of  these 
planes  inclines  from  the  east  westward,  as  if,  again,  the  earth's 
rotation  had  something  to  do  with  it.     Ripple  marks  are  of  very 
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common  occurrence  in  recent  desert  sands.  It  is  said  that  these 
may  be  distinguished  from  ripples  formed  under  subaqueous  con- 
ditions, by  the  fact  that  in  the  desert  sand  ripples,  the  coarsest 
grains  occupy  the  crests  of  the  ripples  instead  of  lying  in  the 
troughs.  This  feature  has  not  yet  been  investigated  in  connec- 
tion with  the  fossil  desert  sands,  to  which  special  reference  will 
presently  be  made. 


llock  material  accumulated  under  desert  conditions  at  any 
I>eriod  of  the  earth's  history  may  be  expected  to  exhibit  some, 
or  all,  of  the  features  above  described,  if  we  are  correct  in  assum- 
ing that  geographical  conditions  prevailing  in  former  times  were 
not  essentially  difiFerent  from  those  met  with  now.  Screes 
and  torrential  deposits  of  angular  and  quite  unweathered  rock 
materials,  subsequently  compacted  into  arkoses  and  breccias, 
will  be  found  in  co-existence  with  strongly  false-bedded  sands, 
whose  component  grains  will  show  abundant  evidence  of  long- 
continued  rolling  under  sub-aerial  conditiona  These  deposits, 
as  a  whole,  will  be  found  to  occur  in  old  wadys,  or  to  lie  upon 
exceptionally-irregular  surfaces  of  rock,  in  which  respect  desert- 
formed  rocks  contrast  very  strongly  with  strata  laid  down  under 
normal  marine  conditions. 

Such  deposits  as  these,  which  are  chiefly  sub-aerial  in  origin, 
may  co-exist,  even  in  desert  areas,  with  deposits  formed  in  com- 
paratively shallow  lakes  or  Schotts.  Into  such  lakes  desert  sand 
is  transported  by  the  wind  in  large  quantities.  Furthermore, 
rivers  of  small  volume  discharge  into  these  shallow  lakes  water 
whose  matters  in  solution  have  already  been  partially  concen- 
trated by  evaporation  under  arid  conditions.  Amongst  the 
substances  carried  down  in  solution  by  rivers  in  all  parts  of  the 
world  are  some  few  that  merit  special  consideration  in  the  pre- 
sent connection.  The  principal  of  these  are — (1)  Chloride  of 
Sodium,  which,  carried  up  into  the  air  in  the  form  of  sea  spray 
during  storms,  is  drifted  inland,  fonns  the  nuclei  of  rain-drops, 
and  thence  descends  to  the  land.  Under  ordinary  circumstances 
this  Chloride  of  Sodium  completes  the  cycle  by  flowing  back  in 
rivers  to  the  sea;  but  under  desert  conditions  the  aqueous 
medium  in  which  it  is  dissolved  is  returned  to  the  clouds  by 
evaporation,  while  the  salt  is  left  behind,  to  accumulate  until  its 
precipitating  point  is  reached.  (2)  Other  sea  salts,  especially 
Magnesium  Chloride.  (3)  Carbonate  of  lime.  Magnesia,  Iron, 
etc.,  dissolved  from  the  rocks  of  the  land  by  the  humic  and  allied 
acids  and  carbonic  acid.  With  these  are  various  sulphates,  as  of 
lime,  iron,  etc.,  also  derived  from  the  laud  drained  by  the  feeders 
of  the  lake.     In  addition  to  the  substances  carried  down  in  solu- 
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tioii  ai-e  the  remains  of  animals  and  plants  drifted  down  in  su8})en- 
sion.  The  proportion  in  which  these  will  occur  is,  of  course, 
largely  determined  by  the  nature  of  the  climatal  conditions  pre- 
vailing within  the  basin  of  the  rivers  draining  into  the  lake. 
Into  the  Dead  Sea,  for  example,  large  quantities  of  vegetable 
matter  are  annually  transported  by  the  Jordan.  The  same  is 
true  of  fishes  and  other  forms  of  animal  life.  It  will  presently 
be  shown  that  these  organic  substances  exercise  very  important 
influences  upon  the  nature  of  the  chemical  deposits  taking  place 
under  these  conditions. 

In  regard  to  the  history  of  rock-salt,  gypsum,  dolomite,  antl 
their  associates,  which  have  been  found  under  conditions  arising 
from  those  under  notice,  I  do  not  propose  to  dwell  in  this 
Addresa  But  in  dealing  with  the  evidences  of  desert  conditions 
in  the  past,  there  are  three  substances  which  afford  important 
evidence  in  relation  to  the  history  of  British  rocks.  These  are 
Magnesia,  Iron,  and  the  Bitimiinoids.  Probably,  in  the  first  in- 
stance, the  two  first-named  (like  lime)  have  primarily  originated 
from  the  decay  of  eruptive  rocks.  Under  normal,  humid,  or  pluvial 
conditions,  these  substances  find  their  way  to  the  sea  in  the  form 
of  bicarbonates,  which  state  they  reach  through  the  solvent 
action  upon  rocks  of  water  charged  with  CO^  and  the  allied 
hiunic  acids  already  referred  to.  But  in  areas  of  inland  drain- 
age, where  the  whole  of  the  water  carried  down  by  rivers  is 
dissipated  by  evaporation,  these  substances  in  solution  are  left 
on  the  spot,  and  gradually  acciunulate  (like  the  salt,  gypsum, 
and  dolomite),  until  their  respective  points  of  precipitation  are 
reached,  when  they  are  thrown  down  in  the  solid  form.  In  the 
case  of  such  areas  of  inland  drainage  some  of  the  carbonate  of 
magnesia  either  becomes  converted  on  the  spot  into  dolomite, 
through  combination  with  carbonate  of  lime,  or  else  it  soakn 
down  through  the  porous  strata  in  which  the  lake  is  situated. 
On  meeting  with  any  calcareous  matter,  even  in  the  solid  fonu, 
it  at  once  enters  into  combination  with  it,  and  finishes  by  con- 
verting part  or  the  whole  of  the  carbonate  of  lime  into  dolomite. 
This  is  one  very  characteristic  feature  connected  with  these 
deposits  formed  in  inland  lakes.  It  is  one  of  considerable 
importance  in  the  present  enquiry,  as  1  have  repeatedly  pointed 
out  on  former  occasions  to  this  Society  and  others. 

The  history  of  the  ferrous  carbonate  has  been  dealt  with  by 
Mr  Hudleston  in  his  Presidential  Address  to  the  Geologists' 
Association  (voL  xL  No.  3,  p.  104.)  His  summary  of  the  chief 
points  of  interest  leaves  almost  nothing  unsaid  with  which  a 
geologist  is  interested.  I  therefore  give  part  of  it  here  nearly 
in  the  author^s  own  words.  This  part  is  enclosed  within  square 
brackets : — 
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riron,  liberated  from  eruptive  rocks,  is  carried  away  in  solution 
as  bicarbonatey  which  is  disseminated  through  the  waters  of  the 
lake.  The  part  next  the  surface  seize&upon  an  additional  mole- 
cule of  oxygen  in  the  proportion  of  FjOj.  This  causes  it  to 
lose  its  carbonic  acid ;  but  the  ferric  oxide  thus  formed  immedi- 
ately combines  with  water  to  form  the  ferric  hydrate,  and  then 
sinks  to  the  bottom.  Portions  of  such  accumulations  are  from 
time  to  time  re-dissolved,  owing  to  the  abstraction  of  the  extra 
molecule  of  oxygen  by  the  carbon  of  decaying  vegetation.  This 
extra  molecule  of  oxygen  helps  to  form  the  COj,  or  other  humus 
compounds,  which  dissolve  the  iron,  now  reduced  to  the  prot- 
oxide. In  this  way  the  game  of  solution  and  precipitation  is 
kept  up  indefinitely,  and  where  the  balance  is  in  favour  of  pre- 
cipitation an  accumulation  of  iron  ore  will  occur.  Seduction 
renders  iron  soluble  and  locomotive ;  oxygenation  arrests  loco- 
motion and  fixes  the  iron  on  the  spot.  Iron  is  a  base,  with  a 
strong  affinity  for  the  humus  acids,  and  their  ultimate  term 
Carbonic  Acid.  It  has  also  a  strong  affinity  for  oxygen,  and  in 
the  presence  of  this  it  forms  the  nearly  indestructible  (and,  in 
the  absence  of  organic  matter),  almost  insoluble,  ferric  oxide. 

As  ferric  oxide  in  the  presence  of  organic  matter,  it  provides 
the  oxygen  for  decay,  and  its  residuary  protoxide  is  itself 
dissolved  by  the  i^esulting  organic  acid,  and  enters  into 
circulation.  .  .  . 

.  .  .  Eed  rocks  have  been  coloured  in  the  first  instance  by 
solutions  of  ferrous  carbonates  and  sulphates  depositing  the 
insoluble  peroxide,  and,  for  lack  of  reducing  agents  in  sufficient 
amount,  the  iron  of  these  beds  has  not  been  rendered  soluble, 
and  therefore  remains  disseminated  instead  of  being  concen- 
trated. .  .  ]. 

The  author  makes  no  reference  to  an  interesting  result  which 
follows  from  the  reactions  above  described,  and  which  has  an 
important  bearing  upon  tlie  subject  of  this  address.  The  result 
referred  to  is  that  the  deposition  of  the  ferric  oxide,  like  that  of 
the  carbonate  of  magnesia  refeiTcd  to  above,  is  not  confined  to 
the  strata  on  the  floor  of  the  lake,  but  is  carried  down  in  solution 
through  any  pervious  strata  beneath.  We  know  from  geological 
evidence  that  this  may  take  place  to  a  depth  of  fully  600  feet. 
By  this  means  films  of  ferric  oxide  are  deposited  upon  the 
quartz  grains — if  little  or  no  carbonaceous  matter  l>e  present 
In  this  case  the  quartz  gi-ains  of  the  rock  below  the  lake  may 
become  coated  mth  ferric  oxide  to  nearly  the  same  extent  as 
happens  in  the  case  of  the  strata  in  process  of  formation  on  the 
bottom  of  the  lake  itself.  If,  however,  carbonaceous  matter  be 
present  in  the  strata  through  which  the  ferriferous  solutions 
are   percolating,   then   the   ferric   oxide  is  wholly  or  in  part 
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reduced.  In  this  case  the  strata,  instead  of  being  stained  a 
bright  red,  are  tinted  various  shades  of  duller  colours,  among 
which  browns,  purples,  and  puces  are  prevalent.  Shales  con- 
taining much  ditfused  carbonaceous  matter  thus  reduce  the  iron 
ahnost  entirely,  and  for  this  reason  alm^t  never  exhibit  any 
bright  red  tint.  Their  black  colour,  however,  is  generally 
replaced  in  such  cases  by  dull  purple,  lilac,  or  puce.  The  same 
is  true  also  of  sandstones.  Those  which  contain  much  carbon- 
aceoos  matter,  or  are  associated  with  coal  seams  or  with  oil 
shales,  rarely  exhibit  any  very  marked  staining  due  to  this 
cause.  Thick  masses  of  sandstone,  however,  in  which  carbon- 
ac«)us  matter  is  rare  or  absent,  usually  stain  a  very  bright  red. 
As  examples,  may  be  mentioned  the  Upper  Bed  Measures  of 
Fife,  of  the  Glasgow  coal-fields,  the  Whitehaven  Sandstone  of 
Cumberland,  and  many  others. 

[I  have  before  pointed  out  that  the  presence  of  this  distinctive 
coloiu-ing  is  a  sure  indication  of  the  former  presence  of  Bed 
Rocks  over  the  spot  afifected.  The  first  reference  to  this  by 
myself  is  in  the  Explanation  of  Sheet  98  N.E.  of  the  Geological 
Survey  of  England  and  Wales.] 

One  further  result  (of  considerable  commercial  interest  in 
the  present  connection)  is  the  fact  that  percolating  solutions  of 
ferric  oxide  tend  to  replace  any  calcareous  matter  with  which 
they  may  come  into  contact.  I  have  stated  my  belief^  that 
nearly  all  our  British  deposits  of  hajmatite  are  entirely  due  to 
tliis  cause. 


The  next  point  that  claims  our  attention  is  the  very  marked 
as8(x?iation  of  petroleum  and  the  bituniinoids  *  with  strata 
formed  under  conditions  of  inland  drainage.  A  careful  study 
•»f  the  reactions  described  in  Mr  Hudleston's  paper  will  make 
it  clear  that  the  precipitation  of  iron  in  the  form  of  ferric 
oxide  in  inland  lakes  is  one  of  the  results  of  the  absence  of  any 
large  percentage  of  organic  matter,  and  especially  of  matter  of 
v^table  origin.  Where  much  oi^anic  matter  is  present  the 
iron  goes  back  into  solution  as  ferrous  carbonate,  and  is  event- 
ually thrown  down  as  ferric  hydrate.  Where  organic  matter 
in  rare  or  absent  entirely,  and  only  where  that  is  the  case,  does 
the  iron  go  down  in  the  form  of  ferric  oxide.  It  is  precisely 
under  desert  conditions  that  one  would  naturally  expect  vege- 
table matter  (and,  of  course,  animal  matter  too)  to  be  but  rarely 

^  Trans.  Cumberland  and  Westmoreland  Association,  No.  viii.  (1883),  p.  117. 

*  See  Goodohild,  "Origins  of  Oil  Shales,'*  in  this  volume  ;  and  *•  The  Orijgin 
of  the  Bitaminoid  Cement  of  the  Caithness  Flagstones,  "iVoc.  JRoy.  Physical 
^.,  vol.  xiii.  p.  316. 


Digitized  by  VjOOQIC 


216  EDINBURGH  GEOLOGICAL  SOCIETY. 

carried  intx)  the  schotts,  and,  even  where  that  is  the  case,  then 
in  but  small  quantities.  We  should  therefore  be  prepared  to 
find  that  where  little  or  no  vegetation  exists,  the  strata  under- 
going deposition  would  be  more  or  less  coloured  with  the  red 
ferric  oxide.  Conversely,  where  we  meet  with  sandstones  coloured 
bright  red — especially  if  these  consist  largely  of  rounded  grains 
of  sand,  and  are  associated  with  gypsum,  rock  salt,  and  dolomite, 
and  locally  contain  angular  and  unweathered  fragments  of 
felspar  or  of  limestone — we  may  correctly  infer  from  these  con- 
current facts  that  we  are  dealing  with  strata  fonned  under 
desert  conditions.  If  the  underlying  sandstones  happen  to  l)e 
carbonaceous,  and  are  tinted  purples  of  various  hues,  and  are 
associated  with  limestones  more  or  less  dolomitised  and  con- 
verted into  haematite,  the  inference  is  considerably  strengthened, 
for  the  reason  given  above. 

But  it  must  frequently  happen  that,  owing  to  changing 
geographical  conditions,  a  region  which  at  one  time  was  imder 
desert  conditions  may  just  previously  have  been,  or  may  soon 
after  become,  a  region  where  the  conditions  may  be  described  as 
sub-arid,  sub-humid,  or  even  humid.  Or  it  may  well  happen 
(as  in  the  case  of  the  basin  of  the  Dead  Sea,  the  Salt  Lake,  and 
others)  that  humid  conditions  prevail  and  vegetation  fiourishas 
in  the  upper  part  of  the  basin,  while  the  lower  may  be  arid  in  the 
extreme.  Vegetation  flourishes  in  the  humid  part  of  the  area, 
and  from  that  part  is  transported  by  rivers  to  the  terminal  area 
of  the  streams,  where  the  water  disappears  by  evaporation- 
Three  chemical  changes  of  importance  arise  which  may  perhaps 
all  three  be  described  as  changes  of  a  reciprocal  nature.  (1) 
Ferric  oxide  ceases  to  be  precipitated  and  ferric  hydrate  goes 
down  in  its  place.  In  its  turn  this  brings  about  a  decomposi- 
tion of  the  vegetable  matter.  (2)  The  sulphate  of  lime  carried 
into  the  lake,  and  there  concentrated  by  evaporation,  is  decom- 
posed by  the  vegetable  matter,  with  the  concomitant  decom- 
position of  precipitates  of  carbonate  of  lime.  The  reciprocal 
action  in  this  case  is  that  of  the  action  of  weak  solutions  of 
sulphates,  which  in  the  course  of  time  convert  the  vascular 
tissues,  and  even  some  of  the  ligneous  matter,  into  one  or 
other  of  the  many  hydrocarbon  compounds — the  bituminoids 
amongst  others.  Hence  the  frequent — or  all  but  universal — 
association  of  rock  salt,  gypsum,  dolomite  and  "  abraum  salts " 
with  hydrocarbon  compounds.  It  is  to  this  solvent  action  of 
solutions  of  sulphate  of  lime  upon  subaqueous  masses  of  ligneous 
matter  that  I  ascribe  the  bituminous  character  of  such  rocks  as 
the  Caithness  Flags,  the  alternations  of  oil  shale  and  pre- 
cipitated carbonate  of  lime  which  formed  the  well-known  Bui^e- 
house  Limestone,  the  bitumen  of  the  Dead  Sea,  the  petroleum 
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occnrring  at  so  many  places  within  the  Aralo-Caspian  area,  and 
others.  Even  the  pitch  in  the  Pitch  Lake  of  Trinidad  appears 
to  me  to  be  due  to  the  uprise  of  solutions  of  sulphate  of  lime 
through  a  subterranean  carbonaceous  deposit. 

One  more  point,  and  then  we  may  pass  on  to  consider  some 
British  deposits  which  have  been  formed  under  desert  con- 
ditions. In  the  case  of  strata  formed  m  inland  lakes  many 
other  complex  chemical  reactions  must  necessarily  arise. 
Amongst  these  we  may  refer  to  the  liberation  of  silica  in 
solution.  It  has  long  beien  known  that  weak  solutions  of  silica, 
bathing  clean  grains  of  quartz,  will  tend  to  be  deposited  upon 
the  quartz  in  a  crystalline  form,  giving  rise  to  what  is  known 
as  Secondary  Quartz.  The  new  quartz  is  not  added  on  to  the 
old  anyhow,  or  at  random,  but  its  molecules  are  so  built  up  as 
to  be  oriented  in  the  same  direction  as  were  the  molecules  of 
the  old  quartz  represented  by  the  sand  grain.  Therefore, 
although  many  milUons  of  years  may  have  elapsed  since  the 
time  when  the  quartz  of  the  sand  grain  was  originally  formed, 
and  that  quartz  may  have  been  knocked  about,  worn,  rolled, 
built  up  into  sandstone,  wasted,  used  up  over  and  over  again — 
yet  when  suitable  conditions  again  set  in  (as  they  appear  very 
Gonmxonly  to  have  done  during  desert  conditions),  the  new 
quartz  tends  to  restore  the  old  quartz  grain  to  the  crystalline 
form  that  nature's  forces,  perhaps  millions  of  years  before,  had 
intended  it  should  take. 


This  preliminary  chapter  leaves  not  nnich  to  be  said  in  the 
remainder  of  the  address.     I  shall  now  simply  point  out  that 
the  combination  of  results  arising  from  desert  conditions,  of 
which  the  foregoing  is  a  summary,  may  l>e  found  not  only  in 
deposits  which  are  taking  place  at  the  present  day,  but  also  in 
deposits  which  at  various,  and  often  widely-separated,  periods 
in  the  past,  have  been  laid  down  in  Britain.     Briefly,  these 
periods  may  be  stated  to  be  three  in  number — (1)  The  New 
Bed  Period,  which  is  a  convenient  general  name  to  include  the 
times  when  the  Trias  and  the  Dyas  (Lower  New  Red,  or  "  Per- 
mian") were  deposited.     (2)  The  Devonian  Period,  when  the 
various  Old  Beds  of  Scotland,  &c.,  were  formed.    (3)  And,  lastly, 
the  Torridonian  Period.     I  need  only  to  notice  the  more  salient 
features  of  each,  and  to  remind  those  who  read  this  Address, 
that  I  proceed  all  along  on  the  assumption  that  in  this,  as  in 
other  geological  matters,  we  interpret  the  Past  by  the  Present. 
If  the   geolc^cal  evidence  shows   that  we  have  in  Britain 
strata  of  the  same  kind  as  those  which  are  now  only  being 
formed  under  Desert  Conditions,  then  Desert  Conditions  pre- 
VOL.  VII.  PART  ni.  p 
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vailed  in  Britain  at  the  times  when  the  rocks  in  question  were 
formed. 

Evidence  afforded  hy  the  New  Bed  Rocks. — While  deep  water 
marine  conditions  obtained  on  the  Continent  during  the  time 
when  the  TyroUan  and  Panormian  (  =  marine  Trias  and  Dyas) 
rocks  were  being  formed,  inland-continental  conditions  pre- 
vailed in  the  area  now  represented  by  Britain  and  Western 
Europe.  We  have  no  need  to  enter  into  detail  in  regard  to 
this  point ;  it  will  suflBce  to  remind  the  reader  that  the  British 
strata  formed  during  the  period  consist  largely  of  bright  red 
sandstones  and  marls,  with  which  is  associated,  in  the  area  em- 
bracing the  north  of  England  and  the  north  of  Ireland,  a  wedge- 
shaped  mass  of  Magnesian  Limestone.  With  the  Marls  are 
also  associated  both  Gypsum  and  Eock  Salt.  An  inspection  of 
the  sandstones  shews  us  that  they  contain  a  large  percentage  of 
well-roimded  grains  of  quartz,  each  coated,  as  a  rule,  with  a  thin 
pellicle  of  ferric  oxide.  Plant  remains  in  the  red  strata  are 
conspicuous  by  their  absence,  while  the  very  strongly-inarked 
false-bedding  prevalent  over  large  areas  at  once  recalls  the 
diagonal  bedding  of  desert  sands. 

Breccias,  consisting  of  perfectly-angular  and  unweathered 
fragments,  occur  as  old  torrential  deposits  left  in  connection  with 
the  buried  wadies,  and  are  therefore  found  on  every  platform, 
from  the  very  lowest  to  the  highest.  Throughout  the  whole  of 
these  breccias  the  angular  form  and  perfectly-un weathered  aspect 
of  the  rock-fragments,  which  are  also  often  of  large  size,  is  most 
conspicuous.  This  is  equally  the  case,  whether  the  breccia 
consists  of  a  tumultuous  assemblage  of  limestone  blocks,  as  is 
the  case  in  the  Dolomitic  "Conglomerate,"  near  Bristol,  and, 
again,  in  the  Brockram  of  the  north  of  England,  or  whether 
the  breccia  consists  of  fragments  of  granite,  as  it  does  on  the 
flanks  of  granite  areas  in  the  South  of  Scotland — for  example, 
near  Dumfries. 

The  imiformity  of  petrographical  characters  in  these  New 
Bed  breccias  points  unmistakably  to  the  occurrence  of  equally- 
uniform  meteorological  conditions  over  large  areas ;  and  shows 
clearly  that  these  conditions  indicate  the  long  continuance  of 
an  abnormally -dry  atmosphere ;  a  conclusion  which  no  one  who 
studies  the  facts  will  venture  to  call  in  question. 

At  the  base  of  the  New  Bed  there  is  some  kind  of  evidence 
of  old  wadies ;  but  the  inequalities  of  the  old  surface  are  by  no 
means  so  strongly  pronounced  as  many  authors  have  assumed. 
In  some  cases  these  appear  to  be  due  to  unequal  subsidence. 

In  Westmoreland  (and  probably  elsewhere  in  Britain)  there  is 
unmistakable  evidence  of  the  presence  of  ice — ^floating  ice  in 
most  cases ;  but  in  at  least  one  case,  that  which  T  have  recorded 
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ill  the  Proc.  Geol.  Assoc,  for  1889,  there  is  evidence  of  actual 
glaciation  which  is  shown  by  the  occurrence  of  stones  traversed 
by  true  glacial  striae. 

Some  important  results  were  deeply  impressed  upon  the 
rocks,  which  are,  or  were  formerly,  covered  by  the  New  Eed 
Rocks.  These  are  the  abundant  infiltration  of  ferric  oxide  into 
the  strata  beneath,  whereby  the  sandstones  were  st€dned  various 
shades  of  red — the  variety  of  colouration  being  apparently  con- 
nected with  the  presence,  or  the  absence,  of  carbonaceous 
matter  in  the  rocks  affected.  A  further  result  is  the  partial, 
(»r  the  entire,  replacement  of  calcareous  rocks  by  haematite. 
Nearly  all  our  deposits  of  haematite — extensive  or  otherwise — 
are  distinctly  traceable  to  this  cause.  Yet  another  result  is  the 
dolomitisation  of  the  limestones,  due  to  the  infiltration  of  car- 
bonate of  magnesia,  which  has  partially  replaced  the  carbonate 
of  lime,  and  so  converted  limestone  into  dolomites.  I  have 
more  than  once  stated  before  this  Society  my  firm  conviction 
(which  has  been  founded  upon  many  years'  field-observations), 
that  the  presence  of  this  dull-red  staining,  the  occurrence  of 
deposits,  great  or  small,  of  haematite,  and  of  dolomitised  lime- 
stones, all  concur  in  demonstrating  that  the  regions  where  these 
phenomena  occur  in  rocks  older  than  the  New  Red  have 
formerly  been  covered  by  the  New  Red  Rocks,  to  which  these 
effects  are  due. 

The  widespread  diffusion  of  this  red  staining  amongst  the 
Carboniferous  rocks  in  the  basins  of  the  Forth  and  Clyde,  the 
concurrent  occurrence  of  dolomitised  limestones,  and  the 
sporadic  occurrence  of  veins  of  haematite  in  these  areas,  I  there- 
fore regard  as  some,  of  the  vestiges  of  these  old  desert  conditions 
which  ushered  in  the  Neozoic  Era  in  this  part  as  well  as  over 
the  greater  part  of  the  rest  of  the  kingdom. 


Desert  Conditions  dxiriTig  the  Devonian  Period. — Much  of  the 
evidence  already  referred  to  under  the  New  Red  applies  also 
to  each  of  the  Old  Red  Sandstones.  It  need  not,  therefore, 
l)e  repeated  here.  There  is  the  same  association  of  arkoses 
containing  unweathered  felspar  fragments,  the  same  bright  red 
colour  on  certain  horizons,  the  same  strong  false  bedding,  the 
same  evidence  of  deposition  on  a  very  uneven  surface,  all  of 
which  occur  in  connection  with  the  New  Red.  In  Scotland 
especially — thanks  to  the  valuable  memoir  of  Sir  Archibald 
Geikie  on  the  Old  Red  Sandstone  of  Western  Europe  ^ — we  can 
avail  ourselves  of  a  vast  mass  of  infonnation  bearing  upon  the 

^  Trans.  Roy.  Soc.  Edin.,  vol.  xxviii.  (1878). 
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physical  geography  of  the  Devonian  Period  in  Scotland.  As 
Sir  Archibald  has  pointed  out,  the  history  of  these  rocks  as  a 
whole  can  be  easily  comprehended  if  we  can  conceive  of  an 
unusually-pronounced  series  of  uprises  or  Geoanticlinals,  as 
they  are  now  often  termed,  coexistent  with  their  correlative 
depressions,  or  Geosynclinals,  at  no  great  distance.  Denudation 
from  the  zone  of  upheaval  supplied  the  wasted  material  which 
afterwards  filled  up  the  depressed  area  adjoining.  This  process, 
I  conceive,  commencing  m  the  period  when  the  English  and 
Welsh  Upper  Ludlow  Eocks  were  being  formed,  converted  the 
whilom  marine  area  of  the  South  of  Scotland  into  an  area  like 
that  of  the  Nile  Valley  and  the  coimtry  to  the  east  of  it. 
Under  these  conditions  the  Lanarkian  (or  lowermost  *'  Old  Red  "J 
Eocks  were  formed.  Possibly  the  sea  may  have  gained  admit- 
tance for  a  short  time  and  permitted  of  the  formation  in  Scotlanil 
of  a  limestone  of  Devonian  age.  But  whether  that  surmise  of 
mine  prove  correct  or  not,  it  is  certain  that  tlie  continued 
formation  of  a  series  of  surface  undulations,  gradually  propagated 
from  the  south  of  Scotland  northward,  permitted  of  the  forma- 
tion, one  after  another,  of  the  various  Old  Reds,  and  of  the 
denudation  which  gave  rise  to  the  unconformities  that  separate 
them,  right  up  to  the  very  top  of  the  Upper  Old  Red. 

There  is  evidence  that,  during  the  tune  when  the  Orcadian 
Old  Red  was  in  course  of  being  deposited,  normal  pluvial 
conditions  obtained  for  a  time.  The  deposition  of  ferric  oxide 
in  the  old  area  of  inland  drainage  ceased,  chiefly  in  consequence 
of  the  large  quantities  of  vegetable  matter  which  were  swept 
into  the  old  lakes.  This  latter,  in  its  turn,  decomposed  the  solu- 
tions of  sulphate  of  lime,  and  liberated  the  calcareous  matter, 
which,  in  a  state  of  diffusion,  or  aggregated  into  nodides. 
now  forms  so  conspicuous  an  element  in  the  Orcadian  Rocks. 
Furthermore,  the  sulphate  of  lime,  in  its  turn,  converted  the 
vegetable  matter  into  the  bituminoids,  which,  in  a  diffused  form, 
permeates — one  might  almost  say  saturates — so  much  of  the 
Caithness  Flagstones.  I  hold,  therefore,  that  the  exceptional 
durability  of  the  Caithness  Flagstones,  which,  of  course,  is  due 
to  the  large  percentage  of  bituminous  matter  they  contain,  is 
due  to  the  fact  that  conditions  of  inland  drainage,  one  of  the 
phases  of  desert  conditions,  prevailed  where  these  occur  during 
the  Devonian  Period. 

Desert  Conditions  during  Torridonian  Tvines} — To  my  mind 
one  of  the  most  striking  and  significant  illustrations  of  the 

'  During  the  past  three  years,  when  dealing  with  the  geological  history  of  tlie 
Torridonian  Rocks,  I  liave  tausht,  in  my  classes,  that  these  Torridonian  Rocks 
were  formed  under  desert  conditions,  as  stated  here.  I  am  not  aware  that  this 
idea  has  occurred  to  any  other  geologist. 
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principle  upon  which  geologists  interpret  the  records  of  the 
Past,  by  the  study  of  the  Present,  is  to  be  found  in  the  Torri- 
(lonian  areas  of  the  North-West  of  Scotland.  If  we  review 
the  conditions  ob^ining  in  the  Sinaitic  Peninsular  (as  was  done 
with  the  aid  of  lantern  slides  when  this  lecture  was  delivered), 
we  find  going  on  there  to-day  almost  the  exact  counterpart 
of  what  must  have  taken  place  in  Pre-Cambrian  times  in 
Sutherland  and  Eoss. 

In  Sinai,  and  probably  also  in  Scotland,  an  area  of  gneissoid 
i-ocks  was  overlaid  by  a  deposit  of  derivative  origin — the 
Nubian  Sandstone  in  the  one  case,  and  some  Pre-Torridonian 
i-ocks  in  the  other ;  the  area  was  then  elevated  in  both  cases 
by  earth  movements  into  an  upland  region,  while  normal 
meteorological  conditions  prevailed.  During  this  time  rain  and 
rivers  carved  deep  valleys  into  the  massif,  in  each  case  cutting 
down  through  the  overlying  derivative  rock  into  the  gneissoid 
rocks  beneath.  Then  changed  meteorological  conditions  set  in. 
Where,  before,  rain  fell  and  rivers  excavated  valleys,  rain  fell 
only  occasionally,  or  practically  never,  and  only  on  those 
occasions  when  thunderstorms  happened  to  burst  over  the 
regions  in  question.  At  other  times  the  arid  conditions  gave 
rise  to  great  diurnal  ranges  of  temperature.  The  rocks  in 
consequence  were  heated  soon  after  mid-day  far  above  the 
temperature  usual  in  more  humid  climates,  and  by  early 
morning,  owing  to  rapid  radiation,  had  cooled  down  to  the 
opposite  extreme.  In  a  rock  composed  of  constituents  of  diverse 
mineral  character  dififerential  expansion  takes  place,  owing  to 
their  different  coefficients  of  expansion.  The  felspars  in  the 
rocks,  instead  of  being  slowly  kaolinised  by  the  action  of  rain 
water  charged  with  carbonic  acid,  gave  way  under  the  strain 
set  up  by  extreme  expansion  and  contraction,  due  to  the  rapid 
changes  of  temperature.  The  ferro-magnesian  minerals  of  the 
gneissoid  rocks,  having  different  coefficients  of  expansion  from 
that  of  the  other  constituents,  in  like  manner  splintered  into 
fragments  so  small  that  they  were  easily  blown  away  as  dust 
liy  the  wind  Little  by  little  the  rocks  crumbled  down,  and 
of  their  wasted  portions  the  larger  part  slid  down  the  valley 
side  as  talus,  to  be  eventually  distributed  and  spread  out  in 
the  bottoms  of  the  wadies  by  the  action  of  the  occasional 
torrents  arising  during  storms ;  the  remainder,  chiefly  in  the 
form  of  dust,  was  blown  far  and  wide  by  the  winds.  Possibly 
in  the  case  of  the  old  Torridonian  rocks  these  materials  from 
the  old  gneissic  mountains,  and  their  capping  of  sedimentary 
rocks,  may  now  and  then  have  been  distributed  by  the  agency 
(j!  lakes ;  but  the  agency  of  water  there,  as  in  Sinai  and  in  arid 
regions  elsewhere,  may  have  been  limited  to  the  distribution  of 
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the  disintegrated  niaterialB  by  the  action  of  torrents  after  the 
heavy  rains  which  occasionally  deluge  such  r^ions. 

In  both  these  cases  we  have  examples  of  the  formation  of 
arkoses,  largely  made  up  of  the  disintegrated  materials  of  the 
gneiss,  with  the  felspar  fragments  angular,  bright  on  their 
cleavage  faces,  and  quite  unweathered.  The  ferro-magnesian 
constituents  in  both  cases  seem  to  have  been  shattered  to  dust, 
and  in  that  form  to  have  been  distributed  far  and  wide  by 
the  winds. 

In  the  case  of  Sinai  the  disintegration  will  go  on  while  the 
present  arid  conditions  prevail,  until  the  wadies  are  filled  witli 
material  to  the  level  of  the  highest  point  whence  their  materials 
can  be  derived ;  then  their  formation  must  cease  and  their 
destruction  commence. 

In  the  case  of  the  Torridonian  rocks,  the  old  buried  mountains, 
with  their  wadies  levelled  up  to  the  brim,  were  afterwards 
lowered  beneath  the  waves  of  the  sea,  and  then  planed  oflf  to  a 
uniform  level,  upon  which,  in  later  times,  when  further  sub- 
sidence had  taken  place,  the  Lower  Cambrian  Eocks  were 
deposited. 


The  geological  importance  of  the  occurrence  of  desert  condi- 
tion in  this,  as  in  other  cases,  lies  in  the  fact  that  owing  to  the 
felspar  fragments  being  used  up  in  the  formation  of  arkoses 
before  these  felspars  lost  their  alkalies,  the  re-conversion  of  these 
arkoses  into  muscovite  schists  and  muscovite  gneisses  by  dynamic 
metamorphism  affecting  them  subsequently,  was  a  compara* 
tively  simple  process.  Indeed,  owing  to  these  rocks  having  been 
formed  under  desert — ^instead  of  pluvial — conditions,  the  re-con- 
version of  the  derivative  arkoses  into  granites  or  into  gneisses 
will  be  admitted  by  most  geologists  to  come  well  within  the 
range  of  possibility. 


Our  British  rocks,  therefore,  present  us  with  records  wliich, 
when  interpreted  by  the  liglit  afforded  by  modern  geographical 
facts,  can  only  be  read  as  records  of  desert  phases  of  geographi- 
cal evolution.  As  such,  they  appear  to  me  to  possess  a  high 
degree  of  interest,  not  only  on  account  of  the  important  econo- 
mic results  to  which  they  have  given  rise,  but  also  because 
they  bring  prominently  before  our  eyes  the  fact  that  each  and 
all  of  the  various  phases  of  geographical  evolution  which  are 
taking  place  upon  even  the  remotest  parts  of  the  earth  to-day 
have  in  the  past,  at  one  time  or  another,  found  a  place  in  that 
part  of  the  earth's  surface  which  now  forms  the  British  Islands. 
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XXIX. — The  Minerals  of  the  Tertiary  Sruptive  Rocks  of  Ben- 
More,  Mull     By  James  Currib,  Jan.,  M.A.,  F.RS.K 

(Read  21st  January  1897.) 

Some  fourteen  or  fifteen  years  ago,  in  coming  down  Ben 
More  in  Mull,  towards  Loch  Scridain,  I  observed  in  the  screes 
that  descend  to  Allt  na  Coille  Mhoire  specimens  of  scolecite, 
the  crystals  of  which  are  longer  than  have  been  found, 
so  far  as  I  know,  anywhere  else  in  Scotland.  These  were 
frequently  associated  with  epidote  in  radiating  brushes  and 
with  celadonite.  A  visit  to  the  locality  in  September  1896, 
along  with  Professor  Heddle,  enabled  me  to  collect  further 
specimens  of  all  these,  and  we  were  also  successful  in  discovering 
heulandite,  stilbite,  prehnite,  and  saponite  at  the  same  place.  I 
propose  in  this  paper  to  describe  more  particularly  the  minerals 
of  the  southern  slopes  of  the  mountain. 

The  locality  referred  to  above,  where  the  secondary  minerals 
seem  to  be  developed  to  the  greatest  extent,  is  that  shoulder  of 
Ben  More  known  as  Maol  nan  Damh,  wliich  is  composed  of 
beds  of  varj'ing  degrees  of  hardness,  layers  of  tuff  and  agglom- 
erate probably  occurring  between  the  more  durable  lava  flows. 
The  minerals  named  occur  in  druses  in  situ,  but  they  are 
more  easily  obtained  from  the  loose  blocks  among  the  screes 
from  about  1800  feet  above  the  sea  down  to  1400  feet. 

The  occurrence  of  zeolites  and  other  secondary  minerals  in 
the  rocks  of  this  mountain  has  been  noticed  by  former  ob- 
servers ;  ^  but  the  references  are  for  the  most  part  somewhat 
vague,  both  mineralogically  and  topographically,  and  it  is  often 
impossible  to  detennine  what  minerals  and  what  part  of  the 
mountain  are  indicated.  Professor  Judd,  in  one  of  his  valuable 
papers  (Q.J.G.S.,  vol.  xxx.  1874,  p.  211),  refers  to  "  many  beautiful 
varieties  of  the  epidote  and  garnet  groups"  of  volcanic  minerals 
as  being  conspicuous  in  the  agglomerates  of  the  Hebrides,  and 
among  these  the  agglomerates  of  Ben  More  seem  to  be  included. 
I  have  not  seen  in  this  locality  any  mineral  referable  to  the  garnet 
group,  nor,  indeed,  did  I  observe  any  "  minerals  of  the  same  kind 
as  are  found  in  similar  positions  [i.e.  ejected  blocks]  in  connection 
with  existing  volcanoes."  It  is  unfortunate  that  the  species  hei*e 
referred  to  are  not  more  exactly  indicated.  Macculloch,  writing 
nearly  eighty  years  ago,  is  mineralogically  rather  more  precise, 

*  Gcikie,  Trans.  R.S.E.,  vol.  xxxv.  (1888),  p.  77  ;  Judd,  Q.J.G.S.,  vol.  Ixvi. 
(1890),  pp.  346,  368.  &c. 
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when  in  discussing  "  the  claystone  of  Ben  More,"  he  remarks  * 
that  he  "observed  only  two  varieties  with  foreign  substances 
imbedded,  the  one  containing  nodules  of  green  earth,  the  other 
compact  zeolites,  apparently  solid  mesotypes" — no  doubt  the 
minerals  now  more  exactly  designated  celadonite  and  scolecite. 
But  "  Ben  More,"  in  its  narrowest  significance,  includes  points 
two  miles  distant  from  one  another;  and  if  the  name  be  ex- 
tended, as  it  may  be,  to  the  whole  mountain  mass  of  which  that 
lofty  peak  is  the  culmination,  it  covers  a  district  of  fully  twenty 
square  miles.  Scolecite^  and  epidote,  entirely  similar  and  in 
a  similar  rock,  occur  near  Kilfinichen,  on  Loch  Scridain,  two 
or  three  miles  further  to  the  south-west,  and  this  locality  has 
of  course  been  long  know^n. 

The  most  stiiking  of  the  minerals  found  on  Maol  nan  Damh 
is  the  Scolecite,  which  occurs  in  radiating  groups  of  crj^stals, 
sometimes  nearly  10  cm.  long.  On  two  or  three  of  the  speci- 
mens, where  the  crystals  were  freer  than  usual,  we  had  hopes 
of  observing  the  tennination;  but,  unfortunately,  these  were 
not  realised.  The  scolecite  here  occasionally  fills  the  dnises 
to  the  exclusion  of  all  other  minerals ;  but  most  frequently  it 
is  associated  witli  epidote,  and  more  rarely  with  celadonite  or 
heulandite.  Though  it  loses  transparency,  it  does  not  weather 
readily ;  and  roimded  masses,  that  appear  to  be  simply  nodules 
of  the  rock,  often  prove,  when  broken  by  the  hammer,  to  consist 
almost  entirely  of  unaltered  scolecite. 

The  Epidote  varies  from  pale  pistachio  green  to  almost  black 
green;  the  differences  in  colour  presumably  corresponding 
to  variations  in  the  relative  amounts  of  iron 
and  calcium.  It  is  disposed  in  radiating  groups 
of  crystals  of  the  simple  form  a  cm,  occa- 
sionally doubly  terminated,  and  it  has  as  a  rule 
the  habit  figured,  though  sometimes  the  face  a  is 
more  developed.  It  often  occurs  in  druses  alone, 
but  frequently  overlies  celadonite,  and  is  in  turn 
overlaid  by  scolecite  or  heulandite.  The  darkest 
green  variety  appears  to  occur  on  the  southern 
slopes,  where  the  epidote  is  rarely  associated  with 
any  mineral  but  celadonite  of  a  very  similar  colour. 
The  crystals  are  about  7  mm.  in  length,  and  are 
finely  grouped,  forming  specimens  of  much  beauty. 
The  resistance  which  it  oflfers  to  the  agencies  of 
atmospheric   decay   is    very    strikingly    evident 

*  **We«teni  Islands,"  vol.  i  p.  576. 

'  The  Kilfinichen  mineral  was  analyserl  by  Dr  Scott,  and  yielded  SiO,  46 '21 ; 
Al^Oa  27'00  ;  CaO  13-45  ;  H,0  1378  =  100-44.  It  is  thus  a  typical  scolecite, 
entirely  free  from  sodium. 


Fig  1. 
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While  the  calcite  is  almost  completely  remo\ed,  the  heulan- 
dite  changed  to  a  milky  white,  and  the  scolecite  itself 
rendered  opaque  or  even  dissolved  away,  the  epidote  remains 
apparently  imaltered,  and  keeps  all  its  original  transparency 
and  lustre. 

The  Celadonite  occurs  in  great  abundance,  entirely  filling  most 
uf  the  smaller  druses  and  the  less  angular  cavities  in  the  rock. 
The  colour  is  dark  green,  weathering  to  a  much  paler  tint ; 
rarely  peroxidation  has  altered  it  to  a  rusty  brown.  It  differs 
somewhat  from  most  of  the  celadonites  of  this  country.  From 
those  of  the  Old  Eed  and  Carboniferous  of  southern  Scotland 
it  is  distinguished  by  its  more  massive  structure,  while  in 
colour  it  is  not  nearly  so  bright  as  are  the  specimens  from 
Scuir  More  in  Eurn.  It  never  exhibits  the  laminated  appear- 
ance sometimes  seen  in  the  mineral  from  the  latter  locality. 
In  view  of  these  differences  and  of  the  discrepancies  in  the 
existing  analyses  of  celadonite,  it  would  be  very  desirable  to 
submit  to  chemical  examination  specimens  of  the  mineral  from 
lien  More. 

A  single  specimen  of  what  appears  to  be  the  rare  variety  of 
Saponitc  termed  "  Prasilite  "  by  Dr  Thomson,  was  found  lining 
a  cavity  centrally  filled  with  scolecite.  The  crystalline  flakes  in 
this  specimen  are  of  a  somewhat  darker  green  than  most  of  the 
celadonite.  It  may  seem  unlikely  that  two  minerals,  so  similar 
in  composition,  and  both  in  all  probability  products  of  the  de- 
gradation of  the  same  substance,  should  occur  in  the  same  rock, 
and  even  in  the  same  druse ;  for  the  outer  layer  of  deposit  in 
this  specunen  is  the  ordinary  celadonite  of  the  locality.  But 
the  close  association  of  two  very  nearly  allied  species  is  not  by 
any  means  xmcommon,  and  Dr  Heddle  has  already  recorded  the 
occurrence  in  juxtaposition  of  these  very  two  minerals,  and 
that  in  the  same  order  of  deposition  as  here.  They  are  found 
tilling  the  vesicles  of  the  rock  near  Ferry  Port  on  Craig  in 
Fife,  and  in  this  case  each  of  the  minerals  was  identified  by 
actual  analysis  (Trans.  RS.K,  vol.  xxix.,  1879,  pp.  95  and  103). 
In  the  Island  of  Hoy  also  celadonite  and  saponite  occur  in  the 
same  rock,  though  apparently  in  this  case  not  in  the  same  druses 
(Heddle,  Min.  Mag.,  vol.  iii.,  1880,  p.  248). 

The  remaining  minerals  occur  much  less  frequently,  and  the 
specimens  found  were  all  more  or  less  weathered. 

The  most  frequent  is  Hetdandite,  invariably  milk-white  and 
opaque  from  incipient  decomposition.  It  occurs  in  minute 
crystals  with  the  forms  bstz,  hstzx  (fig.  2)  and  more  rarely  hstzc. 
It  is  interesting  to  note  the  occurrence  here  of  the  form  z, 
hitherto  described — so  far  as  I  am  aware — only  by  Greg,  from 
a  single   locality  in   the   Campsie   Hills,   Stirlingshire.      The 
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heulandite  of  Ben  More  occasionally  lines  the  druses  without 
associates ;  more  usually,  however,  the  crystals  coat  tufts  of  epidote. 
Very  rarely  it  occurs  in  stalactitic  arrangements 
of  grouped  crystals  which  present  only  the  faces 
t,  8y  and  b,  sometimes  forming  an  incrustation 
upon  crystals  of  calcite  of  large  size  and  of  the 
nail-head  form.  These  have  subsequently  been 
entirely  removed  in  solution,  so  that  they  are 
now  represented  only  by  the  heulandite  crust. 
A  specimen  exhibiting  this  stalactitic  arrange- 
ment of  heulandite,  which  would  appear  to  be 
now  for  the  first  time  noticed,  has  been  de- 
posited in  the  Museum  of  Science  and  Art, 
Edinburgh. 

StUhite  occurs  very  rarely  in  opaque  much 

decomposed  crystals  of  the  common  form  {hem 

of  Dana).     A  single  specimen  of  Prehnite  was  found.      This 

was  in   white,   orbicular,   crystalline  aggregates,  overlaid    by 

hemispheres  of  radiated  scolecite. 

The  only  other  macroscopic  minerals  observ^ed  were  Hama- 
tiUy  as  a  red  ochreous  incrustation,  evidently  of  comparatively 
recent  origin ;  and  the  caldte  already  referred  to. 

As  above  stated  these  minerals  were  traced  to  their  original 
position  in  the  rocks  of  the  hill.  In  the  flows  which  crop  out  in 
the  screes  they  form  amygdules.  Above  the  brow  of  the  hill, 
however,  no  zeolites  were  observed,  and  the  vesicles  contained 
only  celadonite.  Near  the  top  of  Maol  nan  Damh — 2200  feet 
above  the  sea — where  the  rock  is  denser  and  somewhat  flaggy, 
epidote  alone  occurs.  It  here  lines  rents  and  fissures  in  tlie 
rock,  and  is  of  a  somewhat  paler  tint  and  in  smaller  crystals 
than  that  occurring  in  the  druses  of  the  lower  beds. 

The  minerals  yielded  by  the  beds  of  Maol  nan  Damh  are  qiute 
different  from  those  to  be  obtained  in  this  part  of  Mull  at  lower 
elevations.  The  rocks  around  the  shores  of  Loch  Scridain,  for 
example,  afford  analcime  in  abundance,  stilbite,  brown  saponite, 
and  quartz.^  One  specimen  showed  analcime  of  the  usual  form 
superimposed  on  transparent  crystals  of  quartz  (brz\  which  is 
an  imusual  association.  This  specimen  also  has  now  been 
deposited  in  the  Edinburgh  Museum.  Near  Torran  the  quartz 
occurs  as  casts  of  pre-existent  rhombs  of  chabazite.  These  are 
now  completely  dissolved  away,  but  some  of  the  crystals  had 
attained  the  giant  size  of  25  inm.  breadth. 

To  the  north  of  the  loch,  in  the  basaltic  beds,  under  the  cliffs 

^  Zirkel  mentions  (Skizze  der  West  Kiiste  Sohottlands,  p.  55),  besides  anal- 
cime, heulandite  and  natrolite.  The  fonner  is  quite  probable,  though  I  have 
not  observed  it ;  the  latter  is  almost  certainly  scolecite  or  mcsolite. 
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of  Toi-osay,  gyrolite  and  pectolite  occur  (the  latter  being  fully 
described  by  Professor  Heddle,  Trans.  Geol.  Soc.  Glasgow,  ix. 
241).  The  more  vesicular  dolerites  here  yield  stilbite  in  the 
usual  sheafy  aggr^ates  in  druses  per  se,  and  also  upon  calcite. 
A  single  specimen  showed  stilbite  on  quartz — ^an  unusual 
association.  There  occur  further  radiated  scolecite  per  se ;  meso- 
lite;  analcime  on  scolecite — alone,  or  with  a  still  later  semi- 
zeolite  superimposed,  either  gyrolite  or  more  rarely  apophyllite 
in  the  form  cap^  the  latter  crystals  being  2  cm.  across.  Other 
druses  contain  calcite,  reddish  saponite,  or  free  silica,  both  as 
agate  and  as  crystallised  quartz.  A  single  specimen  of  what  may 
be  called  milk  opal  was  found.  Further  along  the  coast  one 
meets  with  minerals  of  a  more  typically  Hebridean  facies — 
faroelite,  and  analcime  on  faroelite. 


In  reviewing  the  assemblage  of  minerals  foxmd  in  the  rocks 
of  Maol  nan  Damh,  the  first  fact  that  naturally  strikes  us  is 
the  peculiarity  of  the  association. 

Ist  Nowhere  else  in  Scotland  does  epidote  occur  in  an 
amygdaloid,  either  alone  or  with  zeolites,  to  an  extent  in  any 
way  approaching  that  exemplified  here. 

2nd.  Nowhere  else  in  Scotland,  so  far  as  I  know,  does  Epidote 
occur  with  Celadonite. 

3rd.  Nowhere  else  in  Scotland,  again  subject  to  the  same 
qualification,  does  celadonite  occur  without  the  presence  of 
free  silica — quartz  or  chalcedony — as  a  secondary  mineral. 

The  next  point  is,  that  almost  all  these  minerals  of  Maol  nan 
Damh,  and  (except  the  celadonite)  absolutely  all  those  that  occur 
in  any  quantity,  contain  calcium  as  an  essential  constituent. 

And,  finally,  not  one  of  them  contains  sodimn. 

These  facts  taken  together  would  seem  to  indicate  that  the 
rock  of  Maol  nan  Damh,  by  whose  decomposition  the  secondarj' 
minerals  referred  to  were  formed,  was  either  different  in  composi- 
tion from  the  usually  occurring  igneous  rocks  of  the  country,  or 
has  been  exposed  to  different  conditions.  It  must,  however,  of 
course,  be  observed  that  the  two  explanations  are  not  mutually 
exclusive,  and  that  both  may  be  valid. 

The  Tock  in  question  is  now  in  so  essentially  and  radically 
altered  a  condition  that  it  is  by  no  means  safe  to  dogmatise  as 
to  its  original  nature  ;  but  it  may  at  least  be  regarded  as  reason- 
ably certain,  from  the  evidence  of  the  decomposition  products, 
that  among  the  original  constituents  yfere— firstly,  either  anor- 
thite  or  a  labradorite  rich  in  calcium,  and  thus  approximating 
to  anorthite  in  composition  ;  secondly,  some  species  of  pyroxene, 
either  rhombic  or  monoclinic ;  and  thirdly,  magnetite  or  olivine. 
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The  large  amount  of  celadonite  may  perhaps  further  indicate 
the  former  presence  of  biotite. 

I  can  hardly  believe  that  the  slight  divergence  from  the 
type  of  a  normal  dolerite  which  is  all  that  is  indicated  by 
this  composition  is  suflScient  to  account  for  the  distinctly 
anomalous  assemblage  of  secondary  minerals  here  presented. 
If  not,  it  would  appear  necessarj'  to  call  in  the  aid  of  some 
agency  diflfering  in  kind  or  in  degree  from  those  which  have 
operated  in  general  on  the  igneous  rocks  of  Scotland ;  and  it 
is  difficult  to  avoid  the  conclusion  that  the  processes  of  decom- 
position have  been  here  facilitated  and  augmented  by  pneumato- 
lytic  action  of  a  nature  unusually  vehement  or  unusually 
prolonged. 

Scolecile  when  present  in  any  rock  is  generally  one  of  the 
earliest  formed  zeolites,  and  its  very  marked  predominance 
here  would  seem,  therefore,  to  point  to  a  long  continued  period 
of  relatively  high  temperature,  indicating  probably  the  near 
neighbourhood  of  a  very  considerable  mass  of  molten  rock. 
In  this  way  when  the  vesicular  rock  had  cooled  sufficiently  to 
permit  of  the  formation  of  other  zeolites,  the  ca\nties  were 
already  in  most  cases  filled  with  scolecite. 

There  is  evidence  that  the  order  of  events  was,  in  outline,  as 
follows: — ^There  was  to  begin  with  a  pneumatolytic  stage  in 
which  first  the  pyroxene  was  attacked,  yielding  celadonite,  and 
then  the  feldspar,  affording  most  of  the  epidote.  Continued 
cooling  allowed  the  condensation  of  the  vapours,  and  a  hydro- 
thermal  stage  followed  in  which  the  heated  aqueous  solutions 
acting  on  the  feldspar  deposited  scolecite,  and  afterwards,  at  a 
still  lower  temperature,  heulandite  and  stilbite.  To  meteoric 
water,  acting  at  the  ordinary  temperature,  we  can  hardly 
attribute  more  than  the  formation  of  the  haematite  and  the 
removal  of  the  calcite. 

In  the  same  way  we  may,  independently  of  probable  litho- 
logical  distinctions,  explain  some  of  the  difierences  between  the 
zeolites  of  the  rocks  at  Torosay  and  those  of  Maol  nan  Damh. 
Further  removed  as  the  former  were  from  the  source  of  heat 
that  maintained  the  Ben  More  rocks  at  a  high  temperature, 
there  was  little  or  no  pneumatolytic  action,  the  cooling  was 
more  rapid,  and  the  production  of  scolecite  was  less  abundant 
Thus  when  the  temperature  had  fallen  to  a  relatively  low  point 
there  was  still  a  sufficient  supply  of  lime  and  silica  to  form 
minerals  like  apophyllite  and  g}'rolite,  and  still  sufficient  room 
in  the  vesicles  to  afford  space  for  their  deposition  and  growth. 

These  are  only  some  of  the  problems  presented  at  this 
interesting  locality,  which  will  well  repay  careful  investigation. 
In    concluding    this    brief    contribution,   I   may  perhaps    be 
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permitted  to  express  the  opinion  that  in  such  investigations  it 
might  be  well  if  petrographers  would  not  confine  themselves 
exclusively  to  the  microscope,  but  would  pay  more  attention 
than  they  often  do  to  those  decomposition  products  which  are 
visible  to  the  naked  eya  In  few  localities  can  more  instruc- 
tive examples  of  secondary  igneous  minerals  be  studied  than 
those  which  are  presented  so  lavishly  and  in  such  varied  and 
beautiful  forms  in  the  eruptive  rocks  of  the  Hebrides. 
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XXX. —  On  the  Occurrence  of  Sillimanite  Gneisses  in  Central 
Anglesey.     By  Edward  Greenly. 

(Read  21st  January  1897.) 
(Abstracted  from  the  Greological  Magazine ,  Nov.  1896.) 

The  author  records  the  occurrence  of  gneisses  and  schists  con- 
taining Sillimanite  among  the  rocks  associated  with  the  granites 
of  Central  Anglesey.  The  Sillimanite  occurs  partly  as  fine 
needles  in  quartz  ("  Faserkiesel "),  partly  as  matted  bundles  in 
brown  mica  ("  shimmer-aggregates  ").  Sections  near  the  Holy- 
head Eoad  show  that  the  granite  penetrates  the  schists  in  a 
complicated  series  of  sills,  which,  though  lying  for  the  most  part 
between  parallel  folia>  demonstrate  their  intrusive  character  by 
frequent  transgressive  junction  and  by  containing  many  included 
fragments  of  the  schists.  No  chilled  edges  have  been  observed. 
The  whole  series  of  phenomena  appears  to  be  of  the  same  nature 
as  those  observed  by  Mr  J.  Home  and  the  author  in  Eastern 
Sutherland  (Q.J.G.S,  1896,  p.  633). 
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XXXI. — Note  on  Carribrian  Hyolithes  Sandsto^iesfrom  Nuneaton. 
By  Professor  Chables  Lapworth,  LLD.,  F.E.S.,  F.G.S. 
Communicated  by  the  President. 

(Read  18th  Febniary  1897.) 

The  fossiliferous  rocks  belonging  to  the  now  famous  Olenellvs 
Zone  or  basement  Cambrian  series  were  practically  unrecognised 
by  the  majority  of  geologists  ten  years  ago.  They  are  now, 
however,  known  to  have  an  almost  universal  extension  on  both 
continents  north  of  the  Equator,  from  India  to  Lapland  in  the 
Old  World,  and  from  Virginia  to  British  Columbia  in  the  New. 

Fossiliferous  beds  belonging  to  this  Lower  Cambrian  zone 
have  been  recently  found  to  occur  in  their  proper  place  among 
the  well-known  Cambrian  quartzites  of  Nuneaton  and  Atherstone, 
and  the  fossils,  which  are  many  of  them  well-preserved,  include 
Hyolithes,  Coleoloides,  KtUorginay  Scenella,  etc.,  of  the  same 
type  as  those  which  occur  in  the  lowest  Cambrian  rocks  of 
Scandinavia  and  Newfoundland. 

The  first  indications  of  fossils  in  this  Midland  zone  were 
detected  by  Dr  Stacy  Wilson  in  July  1895,  and  the  actual  fossil- 
bearing  beds  were  subsequently  followed  and  worked  out  in  the 
field  by  myself. 

It  is  exceedingly  interesting  to  find  the  same  general  succes- 
sion of  Cambrian  rocks  in  the  English  Midlands  as  in  all  those 
regions  in  Britain  and  abroad,  where  the  well-known  Cambrian 
quartzite  band  forms  the  lowest  bed  of  the  Cambrian  system. 
The  fossil-bearing  layers  in  the  Midlands  come  in,  as  usual,  be- 
tween two  sets  of  arenaceous  strata,  namely  between  a  lower 
sandy  series — the  well-known  Nuneaton  or  Lickey  quartzite — 
and  a  higher  and  thinner  arenaceous  series,  which  appears  to  be 
the  local  equivalent  of  the  welL-known  Salterella  Grits  and 
HoUybush  Sandstone  of  other  districts. 

It  thus  becomes  more  clearly  evident  with  each  new  discovery, 
that  on  this  side  of  the  Atlantic  a  fairly  uniform  set  of  geo- 
graphical and  biological  conditions  prevailed  in  Cambrian  times 
over  the  whole  of  that  European  region  which  ranges  through 
Centml  Scandinavia,  North- West  Scotland,  and  Central  Britain. 
In  the  same  way,  as  shewn  by  the  recent  discoveries  of  Walcott. 
and  other  American  geologists,  a  corresponding  set  of  practically 
similar  conditions  prevailed  over  Eastern  America  from  New- 
foundland South  to  Central  Virginia. 
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While,  however,  trilobites  are  the  most  generally  distributed 
and  best  known  fossils  in  the  Lower  Cambrian  zones  of  the 
Continents  of  Europe  and  America,  we  find  the  collections  from 
our  Midland  Zone  made  up  almost  wholly  of  the  conical  shells 
known  as  Hyolithes  and  the  like,  which  are  comparatively 
mre  fossils  in  the  extra  British  Cambrian  deposits  that  con- 
tain trilobites.  The  form  of  Hyolithes^  etc.,  found  in  the  Mid- 
lands are  all  of  the  same  type  as  those  of  Cambrian  deposits 
elsewhere.  The  exact  horizon  of  the  Hyolithes  Zone  of  the 
Midlands  cannot  yet  be  regarded  as  absolutely  fixed.  That  it  is 
Lower  Cambrian  is  regarded  as  more  than  probable.  That  it 
answers  to  any  special  part  of  the  Olenellus  Zone  has  yet  to  be 
determined. 


Digitized  by  VjOOQIC 


NOTE  ON  THE  OCCURRENCE  OP  LIMESTONE  NODULES.      233 


XXXIL — Note  on  the  Occurrence  of  Limestone  Nodules  containing 
Cefmentstone  Fossils  in  Glacial  Deposits  near  Moffat  By 
Mr  John  T.  Johnstone. 

(Read  18th  February  1897.) 

In  the  spring  of  1877,  when  excavating  for  sand  at  Ellerslie 
Villa,  old  Edinburgh  Koad,  then  in  course  of  erection,  I  observed 
certain  small  nodules  of  a  dark  brown  colour  and  of  a  semi- 
pasty  consistence  in  the  deposit  pierced  during  the  excavation. 

On  carefully  extracting  some  of  these  nodules  I  observed 
ihat  casts  of  fossils  were  quite  apparent  in  some  of  them. 
These,  after  being  dried,  were  seen  by  Mr  Peach  and  Mr 
Macconachie,  of  the  Geological  Survey  of  Scotland,  who  pro- 
nonnced  them  to  be  decomposed  limestone. 

A  doubt  having  since  arisen  as  to  the  exact  nature  of  the 
deposit  in  which  these  nodules  were  found,  it  was  deemed 
advisable  to  make  fresh  excavations  last  autumn  to  set  the 
matter  at  rest.  The  point  in  dispute  was  whether  it  might  be 
a  true  glacial  deposit  or  merely  the  permian  breccia  decom- 
posing in  sitii,  which  is  so  abundant  in  the  locality.  (See 
Essay,  Geology  of  Dumfriesshire,  in  Mr  Scott  Elliot's  flora 
of  that  country,  p.  xxxv.) 

In  this  neighbourhood  the  permian  breccias  and  sandstones 
are  the  prevailing  rocks  underlying  the  till  on  the  east  side 
of  the  valley,  and  sections  are  seen  in  all  the  tributaries  of  the 
Annan  on  that  side;  these  beds  are  also  exposed  on  several 
places  on  the  adjoining  hill  sides.  On  the  west  side  of  the 
valley  near  Mofifat  no  exposures  of  this  formation  have  been 
noted  except  one  patch  in  a  small  burn  nearly  opposite  the 
centre  of  the  town. 

This  formation  extends  southwards  along  the  east  side  of 
the  valley  for  a  distance  of  seven  miles  from  Moffat.  In  the 
Lockerbie  basin,  which  is  disconnected  from  that  of  Mofifat, 
it  reaches  a  greater  development 

This  breccia  has  not  the  appearance  of  having  been  much 
disturbed.  In  some  of  the  sections  it  is  lying  nearly  horizontal, 
in  others  at  a  very  small  angle,  and  in  the  cutting  at  the  back 
of  the  Hydropathic  establishment  the  inclination  is  about  20 
degrees.  The  pebbles  embedded  in  the  breccia  are  composed 
Ottainly  of  Silurian  grits  and  grey  wackes,  like  those  occurring 
VOL.  Vri,  PART  m.  Q 
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ao  abundantly  in  the  neighbourhood  of  Moffat.  Fragments  of 
black  shale  are  also  to  be  seen  in  it.  The  pebbles  are  of 
various  sizes,  and  are  generally  sub-angular.  The  nearest 
visible  exposure  of  this  breccia  is  about  250  yards  distant  from 
the  locality  yielding  the  fossiliferous  pebbles. 

No  notes  were  made  regarding  the  original  excavations ;  but, 
writing  from  memory,  I  might  state  that  the  excavations  would 
be  about  8  ft.  long,  4  ft.  wide,  and  3  ft.  deep ;  but  the  original 
surface  had  been  previously  excavated  to  a  depth  of  3  feet. 
The  nodules  were  found  lying  near  the  bottom,  and  would  be 
in  the  proportion  of  three  to  the  superficial  yard. 

The  new  sections  were  made  on  the  26th  and  27th  November 
1896,  and  were  taken  at  different  places,  but  in  immediate 
proximity  to  the  original  place. 

No.  1  cutting  was  5  ft.  long,  7  ft.  deep,  and  2  ft.  wide.  This 
cutting  was  made  in  a  field  which  had  its  original  surface 
undisturbed,  and  hence  the  extra  depth  of  cutting.  After  the 
surface  soil  was  removed  the  whole  cutting  was  made  through 
a  sandy  till,  striated  stones  being  found  from  the  surface  down 
to  the  very  bottom  of  cutting ;  these  striated  stones  were  lying 
with  their  long  axis  parallel  to  the  valley,  with  a  dip  downwards 
of  10  degrees.  Small  portions  of  the  material  excavated  could 
be  recognised  as  being  fragments  of  the  breccia,  but  no  lime- 
stone nodules  were  found  in  this  cutting. 

No.  2  cutting  was  3  ft.  long,  2  ft.  6  in.  deep,  and  2  ft. 
6  in.  wide.  This  cutting  had  the  advantage  of  having  been 
previously  excavated  and  removed  to  a  depth  of  3  feet  from 
the  level  of  its  original  surface,  and  hence  the  small  depth  of 
the  excavation  as  compared  with  No.  1. 

The  stones  in  this  cutting  were  all  striated  as  in  No.  1 
section,  the  description  of  which  will  apply  equally  to  No.  2. 
In  the  latter  cutting  we  observed  two  nodules — one  in  the  very 
bottom  and  one  in  the  side.  One  of  the  striated  ston^  measured 
10  inches  in  length  and  5  inches  across.  The  nodules  themselves 
varied  in  size,  from  a  hen's  egg  to  blocks  about  5  inches  by 
3  inches.  None  of  the  cuttings  was  deep  enough  to  reach  the 
rocks,  but  the  e\ddence  of  the  striated  stones  may  be  held  as 
proving  that  the  material  in  which  they  occur  is  a  glacial 
deposit,  although  the  material  of  which  it  is  composed  is 
principally  derived  from  the  destruction  of  the  permian  sand- 
stones and  breccias. 

I  have  examined  the  breccias  where  exposures  of  it  are  seen, 
notably  at  the  site  of  the  Hydropathic  establishment,  but  have 
never  detected  any  limestone  nodules  in  it. 

Since  the  first  discovery  of  these  nodules  I  have  examined 
nearly  all  the  excavations  that  have  been  made  for  building 
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purposes  or  otherwise  iu  the  immediate  neighbourhood,  and 
have  found  these  nodules  in  nearly  every  one  of  them,  from 
Ellerslie  Villa  down  to  where  the  till  on  this  section  of  the 
Annan  vale  tails  out  at  the  Moffat  academy,  a  distance  of 
nearly  half  a  mile  in  length  by  about  100  yards  wide. 

In  excavations  observed  south  from  the  academy  no  nodules 
have  been  observed,  although  the  material  excavated  has  been 
a  red  sandy  till  likewise. 

Mr  Peach  informs  me  that  the  fossils  occurring  in  these 
nodules  are  CaTnerophoria  crumena  and  Naticopsis  plicistria, 
forms  which  are  characteristic  of  the  lower  marine  bands  of 
the  cementstone  series  of  the  south  of  Scotland. 
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XXXIII. — Remarks  upon  a  recent  Boring  for  Water  ai  North 
Berwick.  By  Mr  Goodchild,  H.M.  Geological  Survey, 
F.G.S.,  Curator  of  the  CJoUectidns  of  Scottish  Geology  and 
Mineralogy,  Edinburgh  Museum  of  Science  and  Art 

(Read  18th  February  1897.) 

Notwithstanding  the  fact  that  the  rocks  in  and  around  North 
Berwick  are  exposed  at  the  surface  in  an  extensive  series  of  fine 
natural  sections,  and  also  that  the  district  has  long  been  a 
favourite  resort  of  geologists,  there  yet  remains  considerable 
uncertainty  with  regard  to  the  position  in  the  Lower  Carbonifer- 
ous Eocks  of  many  of  the  minor  subdivisions  which  are  su 
admirably  displayed  in  the  coast  section  there.  Practically  the 
only  point  in  the  whole  coast  line,  from  Aberlady  to  Dunbar, 
whose  geological  position  can  be  fixed  with  any  degree  of  cer- 
tainty, is  represented  by  the  limestones  seen  at  the  first-named 
locality.  These  certainly  pertain  to  the  lower  part  of  the  Yore- 
dale  Rocks,  and  are  not,  as  many  people  still  continue  to  believe, 
equivalent  in  time  to  any  part  of  the  Mountain  Limestone,  pro- 
perly so  called,  of  the  North  of  England.  In  the  neighbour- 
hood of  Edinburgh  and  in  Fife  these  Yoredale  Limestones  overlie 
the  Oil  Shale  Series,  which  has,  in  both  localities,  a  thickness  of 
several  thousands  of  feet,  and  which,  it  may  be  added,  is  repre- 
sented in  Northumberland  by  the  Scremerston  Coal  Measures. 
Beneath  these  comes  the  great  series  of  estuarine  and  marine 
sandstones  and  shales,  which  are  known  in  Northumberland  as 
the  Fell  Sandstones,  and  around  Edinburgh  as  the  Granton 
Sandstone  Series.  These  have  an  aggregate  thickness  of  at  least 
2000  feet.  In  turn  these  overlie  the  Cement  Stone  Series, 
or  the  Ballagan  Beds  of  the  West  of  Scotland.  These,  again,  are 
developed  to  a  considerable  thickness  in  Northumberland,  on 
the  Berwickshire  coast,  and  around  Edinburgh.  Below  the 
Cement  Stones  or  Ballagan  Beds  lies  a  series  of  beds  whose 
thickness  varies  much  in  different  areas.  The  strata  referred 
to  correspond  to  the  Lower  Limestone  Shale  of  English  geolo- 
gists. They  are  represented  near  Edinbui^h  by  the  Craigmillar 
Sandstones  and  the  sedimentary  rocks  seen  at  Salisbury  Crags. 
Below  these  comes  the  Upper  Old  Red  Sandstone,  which  also  is 
extremely  variable  in  thickness,  and  which,  on  the  south  of 
Edinburgh  and  east  of  Dunbar,  must  be  fully  2000  feet  in 
thickness. 

It  is  the  lower  members  of  the  Carboniferous  Rocks  just 
noticed  which  are  most  variable  alike  in  their  thickness  coid  in 
their  petrographical  characters.     But  from  the  Cement  Stone 
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Series  upwards  this  variability  is  by  no  means  so  marked  a 
feature  as  it  appears  often  to  have  been  assumed  was  the  case. 

In  those  cases  whore  volcanic  rocks  have  been  deposited 
amongst,  or  in  the  place  of,  the  rocks  of  normal  sedimentary  origin, 
there  does  not  seem  to  be  any  valid  reason  for  believing  that  the 
total  thickness  of  rock  of  both  kinds  between  one  known  geologi- 
cal horizon  of  sedimentary  rocks  and  any  other  known  horizon  on 
either  a  higher  or  a  lower  level,  should  be  more  variable  where 
volcanic  rocks  are  present  than  where  they  are  absent.  In  any 
case,  where  such  difiference  has  been  proved  to  exist,  experience 
has  shown  us  that  the  aggregate  thickness  of  rock  is  above, 
rather  than  below,  that  normal  to  the  district  in  question. 

Applying  these  principles  to  the  case  of  the  rocks  specially 
under  notice  would  lead  one  to  expect  at  North  Berwick  to  meet 
with  the  normal  thickness  of  rocks  between  the  lowest  of  the 
Yoredale  Limestones  of  Aberlady,  Dunbar,  and  the  Berwickshire 
coast,  and  the  equivalents  of  the  Ballagan  Beds  or  the  Cement 
Stone  Series. 

There  is  considerable  difficulty  in  deciding  this  matter  on  the 
ground,  for  the  rocks  around  North  Berwick  itself  are  so  much 
disturbed  and  faulted  that  only  a  rough  approximation  to  their 
thickness  can  be  arrived  at  from  a  study  of  the  facts  actually 
seen  at  the  surface.  It  is  true  that  there  is  seen  on  the  shore, 
associated  with  the  volcanic  rocks,  just  west  of  the  town,  and 
also  at  one  or  two  places  inland,  a  band  of  limestone  whose 
petrographical  characters  forcibly  remind  one  of  the  well-known 
limestone  of  Burdiehouse.  But  in  making  use  of  this  evidence, 
it  has  to  be  remembered  that  bands  of  limestone  of  almost  iden- 
tical character  occur  in  connection  with  Scottish  Lower  Car- 
boniferous volcanic  rocks  on  many  different  geological  horizons. 
There  are  at  least  three  such  bands  on  diffei-ent  platforms 
amongst  the  older  volcanic  rocks  of  Arthur  Seat,  and  rocks  of 
identical  character  occur  on  a  much  higher  geological  horizon  in 
association  with  the  volcanic  rocks  of  the  Bathgate  Hills.  There 
are  many  reasons  for  regarding  these  finely-banded  and  cherty 
limestones  as  old  geyserites,  and  as  therefore  from  their  very 
nature  necessarily  of  very  local  distribution.  Mere  similarity 
of  petrographical  character  is  no  guide  whatever  to  the  geological 
position  of  the  strata  among  which  rocks  of  this  description 
happen  to  occur. 

The  only  really  safe  gtdde  in  determining  the  sequence,  the 
thickness,  and  the  geological  horizon  of  any  given  set  of  rocks; 
in  a  case  like  that  specially  under  notice,  is  that  afforded  by 
borings,  such  as  those  made  for  water  supply.  Thanks  to  the 
spirited  enterprise  of  Mr  John  Macintyre,  of  North  Berwick, 
one  such  borehole  has  lately  been  sunk  there.     Mr  Macintyre 
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desired  to  obtain  a  supply  of  water  of  a  special  quality  suitable 
for  the  manufacture  of  aerated  waters.  To  ibis  end  he  sank  a 
well  near  his  house,  in  the  middle  of  the  town,  to  a  depth  of 
about  614  feet.  The  following  record  of  the  bore  is  from  the 
journal  of  Mr  Eobert  Henderson,  the  well  sinker : — 

JaUBNAL  OF  A  BOREHOLE  AT  MR  MACINTTBE'S,  NORTH 
BERWICK,  1897. 

1.  Superficial  deposits 

2.  Beddish  tuffs  (some  water  at  154  feet) 

3.  "  Blue  volcanic  matter  " 

4.  "  Grey  volcanic  matter" 

5.  "  Bed  and  green  voleanic  matter  " 

6.  "  Grey  volcanic  matter  " 

7.  '*  Eed  and  green  volcanic  matter  " 

8.  ''  Bed  and  green  strains  and  ribs  " 

9.  "  Bed  and  green  strains,  hard  "  . 

10.  "limy  band, hard" 

11.  "  Bed  and  green  strains  " 

12.  "  Bed  and  green  volcanic  matter" 

13.  "  Blue  and  green  volcanic  matter" 

14.  "  Fireclay  blaes  and  hard  limy  bands  " 

15.  "  Dark  blaes  with  limestone  bands  " 
[This  was  at  a  depth  of  413  ft.  7f  in.,  reached  in 

April  1896.] 

16.  "Clay".  .  .  .  . 

17.  "  Blue  blaes  with  white  streaks  " 

18.  "Fireclay"        .... 

19.  "  Dark  blaes  with  limestone  bands  " 

20.  "Blue  blaes"     .... 

21.  '*  Purple  and  green  streaked  fakes  and  blaes  " 

22.  ''  Bed  and  blue  ashey  material " 

23.  "Dark  blaes"    .... 

24.  "  Limestone,  hard  "        . 

25.  ''Dark  blaes"    .... 

26.  ''  Bed  and  blue  blaes  and  ash  "  . 

27.  "  Blue  shaley  blaes  "      . 

28.  "Bed  and  blue  blaes"   . 

29.  "Blue  shaley  blaes"      . 

30.  "  Bluish  grey  ashey  material "   . 

31.  "  Dark  and  grey  sandstone  with  plies  of  ash  " 

32.  "Bed  fakey  blaes" 

33.  "Fireclay"        .... 

34.  "  Grey  sandstone  " 
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6  0 

15  7 

68  4 

2  11 

0  11 

9  0 

13  9 

31  8 

23  5{ 

3  1 
1 

0  10 

3  11 

1  4 

19  2 

14  0 

41  0 

18  0 

2  10 

0  8 

1  4 

10  0 

3  0 

11  0 

8  0 

14  6 

30  0 

3  0 

0  6 

19  0 

Total  depth,  3l8t  Dec.  1896 


613    9i 


Digitized  by  VjOOQIC 


BECENT  BORING  FOR  WATER  AT  NORTH  BERWICK.   ,  239 

In  the  above  lecord  the  journal  of  the  boring  has  been  fol- 
lowed throughout,  except  in  the  wording  of  Nos.  1  and  2. 

As  regards  the  position  of  these  beds  in  the  general  series,  it 
may  be  useful  to  make  a  few  remarks  here.  The  prevalent  dip 
of  the  rocks  around  the  site  of  the  borehole  is  mainly  westerly, 
varying  to  north-westerly  in  places.  Higher  beds  therefore,  on 
the  whole,  come  on  towards  the  west.  The  rocks  are  chiefly  of 
volcanic  origin.  The  highest  part  of  the  series  consists  of 
trachytic  and  andesitic  ,lavas,  whose  upper  beds  pass  close 
beneath  the  Yoredale  Limestones  of  Aberlady  Bay.  The  base 
of  these  lavas  is  seen  on  the  North  Berwick  shore,  at  the  western 
end  of  the  West  links,  where  the  lavas  are  seen  to  overlie  a 
series  of  sandstones  and  beds  of  tuff.  These  include  the  band 
of  geyserite  already  referred  to.  The  beds  roll  about  a  great 
defJ,  and  for  some  distance  to  the  north-west  of  the  town  have 
a  northerly,  instead  of  a  north-westerly,  dip.  This,  combined 
with  the  effects  of  a  fault,  brings  down  the  base  of  the  lavas 
BigBLm  to  the  east  of  the  place  above  mentioned,  where  their 
hardness  enables  them  to  form  the  small  promontory  known  as' 
the  Eirkness.  Here  three  trachytic,  or  phonolitic,  lavas  are 
seen  overlying  tuffs  and  sandstones,  including  one  thin  bed  of 
lava.  It  is  these  same  tuffs  which  are  displayed  on  the  fore- 
shore to  the  east  of  Kirkness,  and  which  show  so  well  the  very 
remarkable  poikilitic  mottling,  for  which  this  part  of  the  coast 
has  so  long  been  celebrated.  It  is  evidently  in  these  beds  of 
tuff  (C)  that  the  well  section  has  been  started.  As  far  as  the 
imperfect  nature  of  the  evidence  will  enable  us  to  judge,  the  well 
section  commences  at  about  from  one  hundred  to  one  hundred 
and  fifty  feet  below  the  base  of  the  lavas.  Assuming  that  this 
estimate  is  not  far  from  the  truth,  the  broader  features  of  the 
succession  at  North  Berwick  will  read  much  as  follows  : — 

Ft.  In. 
A  Lower  series  of  trachyte  and  andesite  lavas  (thick- 
ness not  estimated) 
B  Alternations  of  sandstones  and  tuffs  with  bands  of 
geyserite  (seen  on  the  foreshore  N.  of  the  West 
links)  [about]  .  .  .  .       50     0 

C  Spotted  and  poikilitic  tuffs  [about]  .  .  .     500     0 

D  Sandstones  and  shales  with  thin  geyserite  (seen  near 

Horsecrook)  .  .     110     0 

£  Tuffs  alternating  with  thin  sandstones        .  .      18    0 

F  Alternations  of  shales  and  flags,  with  one  or  more 
thin  bands  of  geyserite  (also  seen  at  Bhodes 
Quarry)  .  .  .  .       50     0 

6  Tuff  alternating  with  thin  sandy  bands       »  .       14    6 

H  Grey  sandstone  with  shaly  bands    .  .       52     0 
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It  is  difficult  to  estimate,  even  approximately,  the  depth 
below  the  Hurlet  (Yoredale)  limestones  of  Aberladj  Bay,  at 
which  these  sandstones  (H)  occur.  It  may  be  about  two 
thousand  feet,  but  it  cannot,  unless  the  rocks  are  much  faulted, 
be  very  much  more  than  that.  If  we  assume  that  the  thickness 
of  the  beds  between  the  top  of  the  Ballagan  Beds  and  the 
Hurlet  Limestones  is  not  subject  to  any  very  considerable  at- 
tenuation here,  the  sandstones  proved  at  the  bottom  of  the  bore- 
hole might  well  belong  to  the  lower  sandstones  of  the  Oil  Shale 
group,  with  which,  by  the  way,  they  closely  agree  in  general 
character.  There  cannot  be  much  doubt  that,  whatever  may  be 
their  equivalents  elsewhere,  these  lowest  sandstones  of  the  bore- 
hole are  part  of  the  underground  extension  of  the  sandstones 
which  form  the  crags  just  to  the  west  of  Canty  Bay.  I  under- 
stand that  my  friend  Mr  Peach  is  inclined  to  refer  these  Canty 
Bay  sandstones  to  a  much  lower  horizon  in  the  Lower  Carbon- 
iferous rocks.  However  that  may  be,  these  Canty  Bay  sandstones 
are  exposed  over  a  fairly  large  area,  and  as  they  are  very 
pervious  it  was  naturally  expected  that  water  would  drain 
downwards  further  into  the  strata  below  North  Berwick,  and 
that  therefore  water  of  a  quality  suitable  for  Mr  Macintyre's 
purpose  would  be  found  when  that  stratum  was  reached  in  the 
well  boring.  Geologists  will  learn  with  much  regret  and  some 
surprise  that  such  did  not  prove  to  be  the  case.  Mr  Macintyre's 
spirited  enterprise  has  so  far  resulted  in  not  meeting  with  any- 
thing Uke  the  quantity  of  water  required,  and  the  boring  has 
had  to  be  abandoned.  Why  so  little  water  was  met  with  is 
difficult  to  answer.  It  is  possible  that  communication  between 
the  sandstones  of  Canty  Bay  and  those  below  North  Berwick 
may  be  interrupted  by  a  fault,  of  whose  existence  there  is  some 
kind  of  evidence  at  the  west  end  of  Bugged  Knowes,  and  clear 
proof  on  the  south-west  side  of  Kirkness.  But  I  think  it  pi-ob- 
able  that  the  rocks  seen  at  Bugged  Knowes  and  the  landward 
side  of  the  Leithies  may  form  part  of  a  neck,  and  that  it  is  this 
which  has  cut  off  the  water  which  otherwise  would  naturally 
drain  to  lower  levels  in  the  direction  of  North  Berwick,  and 
forms  a  water-bearing  stratum  there. 

I  should  add  that  I  am  indebted  to  Mr  A.  R  Mackay  for 
part  of  my  information  about  this  well,  and  also  for  specimens 
of  the  cores  from  the  lower  depths.  Some  of  these  cores  are 
now  located  amongst  the  Scottish  Rocks  in  the  Edinbui^h 
Museum  of  Science  and  Art,  where  they  may  easily  be  inspected 
by  those  interested  in  the  matter. 
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XXXIV. — On  Ancdcime  with  New  Forms.     By  Professor  M.  F. 
Heddlb,  F.RS.E     (Plate  XII.) 

(Read  18th  March  1897.) 

BoYLESTONE  QUARRY,  near  Barrhead  in  Renfrewshire,  is,  or 
rather  was,  for  it  is  temporarily  at  least  exhausted,  a  storehouse 
of  zeolites. 

It  did  not  yield  so  many  species  as  did  the  great  quarry  at 
Bowling ;  but  such  specimens  as  Boylestone  yielded  were  ob- 
tained continuously  or  regularly — those  at  Bowling  being  gat 
for  the  most  part  only  when  the  two  great  prehnite  veins  were 
l>eing  removed. 

In  Boylestone,  as  in  Bowling,  prehnite  was  very  much  the 
most  common  mineral ;  in  the  former  analcime  stood  next  in 
frequency  of  occurrence,  and  was  much  more  frequent  there 
than  it  was  at  Bowling. 

The  appearance,  though  not  the  association,  of  the  mineral  is 
different  in  the  two  quarries.  The  groups  formerly  obtained  at 
Bowling  were  cream-coloured,  opaque,  and  dull  on  the  surface  ; 
the  usual  associate  was  thomsonite,  in  groups  of  long  radiating 
crystals.  The  crystals  from  Boylestone  are  white — purer 
than  what  Ruskin  calls  "  paper-white.'*  The  usual  associate  is 
still  thomsonite — here  however  it  is  in  bladed  crystals,  of  the 
form  which  I  have  already  described  and  delineated.'  The 
specimens  formerly  obtainable  of  this  Boylestone  white  analcime 
were  the  most  showy  to  be  got  from  any  British  locality,  being 
superior  to  the  Irish  specimens,  and  even  to  the  pale  blue  variety 
from  Talisker  in  Skye. 

In  addition  to  these  opaque  white  specimens,  however,  Boyle- 
stone supplied  us,  though  very  much  more  rarely,  with  analcime 
of  an  entirely  diflerent  appearance.  Upon  the  surface  of  mam- 
iniUations  of  pale-green  prehnite  there  were  occasionally  sprinkled 
isolated  crystals  of  perfectly  colourless  and  perfectly  pellucid 
analcime.  It  is  certain  of  these  only  which  carry  the  new 
faces. 

The  crystals  of  the  specimen  on  which  I  first  observed  them 
are  only  about  the  sixteenth  of  an  inch  in  size,  and  they  do  not, 
like  the  large  and  opaque  crystals,  in  any  way  evidence  a  com- 
posite or  tesselated  structure. 

The  predominantform  is  the  deltohedronn(211),but  thecrystals 

^  Min.  Mag.,  roL  vii.  p.  136. 
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cany  in  addition  the  faces  of  the  cube  a  (100) — always  irre- 
gularly developed ;  an  adjacent  very  flat  deltohedron  w(m\l)\ 
the  faces  of  the  trigonal  trisoctohedron  r  (332) — truncating  those 
■  edges  of  the  leucite  faces  which  converge  upon  its  octohedral 
angles ;  and  an  exceedingly  narrow  face  lying  between  r  and  it 
This  last  form  is  a  hexoctohedron,  a  type  which  has  not  hitherto 
been  observed  in  analcime.  The  other  edges  of  n  seem  also  in 
some  of  the  crystals  to  be  bevelled.  The  two  hexoctohedra 
are  represented  by  such  exceedingly  narrow,  although  brilliant, 
faces,  that  it  has  been  impossible  to  measure  them  accurately 
with  any  goniometer  at  present  in  my  possession ;  they  seem. 
however,  to  be  «  (543),  and  t  (421)  respectively. 

The  surfaces  of  the  faces  n  are  profiwely  pitted  by  a  system  of 
somewhat  symmetrically  arranged  depressions  of  triangular  fomi. 
These  are  exceedingly  minute;  but  reflected  light  and  high 
modification  show  that  they  are  definitely  bounded  by  the 
faces  r  and  z,  which  form  the  sides  of  a  very  obtuse  triangle, 
and  by  the  faces  a  w,  which  form  its  base. 

A  highly  magnified  plan  of  their  arrangement  is  shown  in  the 
comer  figure. 

It  has  been  stated  above  that  the  fctces  a  are  always  irregularly 
developed ;  they  are  generally,  through  the  dominance  of  twu 
opposite  faces,  reduced  to  mere  lines.  Inasmuch  as  everything 
points  to  the  crystal  of  analcime  being  composite — one  of  the 
tessdites — I  had  hopes  that  the  direction  of  these  lines — whether 
they  lay  alternately  at  right-angles  to  each  other  or  not,  or  in 
any  definite  arrangement — might  indicate  the  system  to  which 
the  primary  crystal  belonged. 

In  most  of  the  crystals  opposite  sets  of  the  leucite  3x8  faces 
truncate  most  deeply.  This  would  seem  to  indicate  a  tetrahedral 
tendency,  and  crystallographic  simplicity ;  and,  as  already  stated, 
they  do  not  exhibit  the  usual  evidences  of  composite  stmcture. 

As  is  well  known,  the  deltohedron  n  is  the  characteristic 
form  of  analcime,  and  generally  occurs  alone.  The  only  other 
form  which  is  at  all  frequent  is  the  cube.  Out  of  over  fifty 
different  localities  for  this  mineral  in  Scotland  there  are  only 
eight  in  which  any  form  but  n  occurs,  and  in  all  these  (except 
Boylestone)  the  sole  additional  form  is  the  cube.  Tliese  eight 
localities  are — Sandsgeo  in  Walls ;  Gapol  (Kinneff) ;  Glen  Farg; 
Kelly  Law,  near  Elie ;  Bowling;  Kilpatrick ;  Hartfield,  in  Ren- 
frewshire (prehnite  pseudo  after  analcime) ;  and,  lastly,  Boyle- 
stone. 

The  other  forms  which  occur  in  analcime  are  excessively  rai-e, 
some  of  them  being  limited  to  a  single  locality.  The  only 
localities  given  by  Hintze  are — 

Friedensdorf,  in  Nassau,  (211)  (110)  (100)  (210)  (332). 
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Vesuviufi,  (211)  (100)  (110). 

Cyclopean  Islands,  (211)  (100)  (m  11). 

Phillip  Island,  Victoria,  (211)  (111). 

Kerguelen  Island,  (211)  (332). 

It  is  evident  that  the  Boylestone  specimens,  which  show  the 
i-ombinations  (211)  (100)  (332)  (543)  (m  11)... (421),  narzw...t, 
are  the  most  complicated  yet  observed  of  this  usually  ex- 
cessively simple  mineral ;  and  it  is  certainly  remarkable  that 
while  nowhere  else  in  Scotland  are  crystals  found  showing  more 
than  two  forms,  those  at  Boylestone  exhibit  no  less  than  six,  of 
which  two  have  so  far  never  been  found  elsewhere. 

It  is  worth  noticing  also,  that  although  analcime  is  one  of 
the  commonest  zeolites  of  the  Tertiary  Traps  of  the  Hebrides, 
the  form  there  is  invariably  the  simple  deltohedron.  All  the 
Scottish  examples  mentioned  above,  where  the  cubic  faces  are 
developed,  are  bom  igneous  rocks  of  palaeozoic  age. 

A  similar  tendency  to  great  (apparent)  simplicity  is  observable 
in  the  crystals  produced  artificially,  which  are  always  either 
deltohedrons,  or  combinations  of  that  form  with  the  cube. 
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XXXV. — On  the  Occurrence  of  GaMeropods  (PlatyosUnnella  Scoto- 
burdigalensis)  in  a  Lepidadendran  from  Craigleith  Qmrry, 
Edinburgh.     By  Campbell  Brown,  M.A.    (Plate  XIII.) 

(Read  18th  Maroh  1897.) 

In  connection  with  the  building  operations  at  Leith  docks,  a 
new  quarry  which  lies  at  the  north-east  comer  of  the  old  one 
has  been  opened  up  at  Craigleith.  A  &ult  of  no  great  size  with 
downthrow  to  the  north,  marks  the  division  line  between  the 
old  and  the  new  quarries,  and  the  beds  on  the  downthrow  side 
are  considerably  turned  up.  About  85  feet  of  strata  have 
already  been  removed,  consisting  for  the  most  part  of  a  yellow 
sandstone  much  discoloured  by  iron  oxide.  A  band  of  shale  and 
thinly  bedded  sandstone  associated  with  it  have  also  been  cut 
through,  and  the  white  micaceous  sandstone  or  liver-rock  fur 
wliich  Craigleith  has  so  long  been  famous,  has  now  been  reached. 

The  rocks  exposed  at  this  quarry  belong  to  the  lowest  group 
of  the  Calciferous  Sandstone  series,  and  form  the  top  of  the 
Granton  Sandstones.  Overlying  these,  a  small  outcrop  of  the 
base  of  the  Wardie  Shales  may  also  be  seen.  The  beds  of  sand- 
stone are  arranged  in  lenticular  fashion,  and  thin  out  in  both 
directions,  dovetailing  with  each  other.  Many  of  the  beds  are 
extremely  rich  in  plant  remains ;  so  much  so,  that  between  the 
laminae  thin  layers  of  a  black  coaly  substance  appear,  repre- 
senting what  must  have  been  a  vast  quantity  of  drifted  vege- 
table matter.  Evidence  of  shallow  water  conditions  is  not 
wanting.  Sun-cracks,  worm-tracks,  rain-pits,  ripple-marks,  and 
footprints  of  labyrinthodonts  have  all  been  found  in  this  quarry, 
which  make  it  safe  to  assume  we  are  dealing  with  an  estuarine 
deposit. 

During  a  recent  visit  to  the  new  quarry,  my  attention  was 
attracted  to  a  block  of  sandstone  quarried  from  the  beds  under- 
lying the  shaley  beds  above  referred  to.  The  block  shewed 
current  bedding  in  a  fine  scale  and  contained  several  Lepido- 
dendron  remains.  The  largest  of  these  was  a  portion  of  an  old 
tmnk,  measuring  about  14  inches  across  and  over  3  feet  in 
length.  How  long  it  may  have  been  originally  it  is  impossible 
to  say,  as  the  contiguous  block  must  have  contained  the 
remainder,  and  had  already  been  removed.  The  tree  was  some- 
what squashed  or  flattened,  as  is  usual  for  lepidodendroids,  and 
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retained  some  remnants  of  its  original  bark  in  the  form  of  a  thin 
pellicle  of  coal  here  and  there.  It  lay  in  a  horizontal  position, 
or  rather  parallel  to  the  general  direction  of  bedding  of  the 
sandstone.     The  internal  structure  of  the  tree  is  represented  in 

Fig.  1  by  a  cross-section. 
In    the  interior  towards 
the    right   in   the    lower 
portion  (shaded  black  in 
the  figure),  a  thick  layer 
of  a  deep  brown  coloured 
deposit  was  seen,  the  rest 
of  the  interior  being  filled 
up  with  finely  laminated 
sandstone.      In  removing 
the  fossil  it  split  along  a  plane  parallel  to  its  length,  and  ex- 
jK)sed  to  view  several  nests  or  patches  of  the  brown-coloured 
deposit  above  referred   to.     These  on  closer  examination,  I 
found  to  contain  the  tiny  little  shells  of  a  gasteropod.    Fig. 
1  shews  the  distribution  and  position  of 
the  nests  in  the  the  interior  of  the  tree, 
as  it  lay  in  situ.    The  nests  were  four  in 
number,  three  of  which  were  roundish  or 
eUiptical  in  shape.    The  fourth  or  largest 
was  broken  across,  as  is  indicated  in  the 
figure,  and  must  have  been  of  irregular 
outline.   The  maximum  thickness  of  this 
larger  patch  was  fully  an  inch;  while 
the  others  varied  from  |  to  ^  an  inch 
as  maximum.     These  nests  were  quite 
isolated  from  each  other  and  thinned 
out  slightly   towards   their  edges,  but 
stood  boldly  through  the  laminae  of  sand 
surrounding  them,  giving  them  at  first 
sight  a  concretion-like  appearance.     In 
every  case  they  contained  the  shells  of 
the  gasteropod.      Not  only  so,  but  the 
shells  were  entirely  confined  to  them. 
I  broke  up   the  greater  part    of    the 
Lepidodendron,  but  was  unable  to  find 
any  traces  of  them  in  the  sand  imme- 
diately above  or  surrounding  the  nests  in  the  interior  of  the 
tree.     The  bases  of  the  brown-coloured   nests  to   which  the 
shells  are  confined  all  lay  in  the  same  plane,  clearly  shewing 
that  the  gasteropods  took  up  their  position  in  the  interior  of  the 
lepidodendron   at  one  and  the  same   time ;  and   in  general 
aspect  and  position  these  nests  were  precisely  similar.     The 
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laminae  of  sand  with  which  the  interior  of  the  tiee  is  filled 
are  very  fine  and  regular,  bespeaking  a  somewhat  slow  and 
gentle  deposition,  and  their  relationship  to  the  nests  is 
extremely  significant.  The  lines  of  lamination,  as  the  plate 
which  accompanies  this  paper  shews,  go  up  to  but  do  not  pene- 
trate the  deposit  containing  the  gasteropods,  and  are  continued 
again  on  the  other  side  of  it.  When  the  summit  or  point  of 
maximum  thickness  is  reached,  the  laminae  are  seen  to  swing 
in  a  continuous  curve  over  the  top  of  it.  We  are  thus  furnished 
with  unmistakable  evidence  that  the  shells  were  in  the  interior 
before  the  sand  was  laid  around  and  over  them. 

Another  significant  fact  is,  that  the  shells  do  not  show  the 
faintest  attempt  at  orderly  arrangement  They  seem  to  lie  in  a 
confused  jumbled  heap  in  the  matrix,  and  in  some  cases  present 
a  packed  appearance  as  if  they  had  been  hustled  into  the  tree 
during  turbulent  conditions.  Had  they  been  borne  in  by  the 
same  water  which  deposited  the  sand,  they  would  naturally  have 
arranged  themselves  in  r^ular  parallel  rows,  spreading  out  in 
thin  continuous  bands.  Instead  of  that,  we  have  them  confined 
to  isolated  concretion-like  nests,  without  even  a  stray  individual 
here  and  there  in  the  sand  around. 

In  order  to  remove  the  shells,  I  washed  the  deposit  from  two 
of  the  nests,  and  was  thus  able  to  secure  about  400  tolerably 
perfect  specimens  free  of  the  matrix.  The  shells  being  so  small 
and  delicate,  I  experienced  some  difliculty  in  obtaining  any 
absolutely  entire.  Associated  with  them  I  found  a  number  of 
small  pebbles  of  quartz.  Most  of  these  were  water-worn,  but  in 
at  least  two  cases  had  sharp  angular  outlines,  and  had  suffered 
no  apparent  detrition.  There  were  also  many  little  flakes  of 
carbonaceous  matter,  for  the  most  part  indeterminable.  The 
finer  residue  I  examined  under  the  microscope,  and  found  to 
consist  of  various  materials.  Numerous  angular  fragments  of 
shells,  little  broken  flakes  of  carbonaceous  matter,  imperfectly 
rounded  grains  of  quartz  coated  with  limonite,  muscovite  and 
biotite,  some  tourmaline,  zircon,  one  garnet,  and  a  good  deal  of 
iron  pyrites.  The  grains  of  quartz  alone  were  at  all  well  rounded. 
The  other  minerals  were  distinctly  angular,  and  showed  sharp 
jagged  edges  where  fractured,  and  in  some  cases,  traces  of 
crystalline  outline.  For  comparison  I  also  submitted  the  sand 
from  the  immediate  proximity  to  the  nests  to  microscopic  ex- 
amination. This  was  found  to  consist  almost  exclusively  of 
quartz  grains  with  muscovite,  the  quartz  in  this  case  being  as  a 
rule  more  rounded  than  in  the  previous  case.  Not  a  trace  of 
shell  debris  was  visible.  The  microscopic  difference  between  the 
white  sand  and  the  calcareous  nests  containing  the  gastropods 
would  thus  seem  to  be  as  strongly  marked  as  the  macroscopic. 


Digitized  by  VjOOQIC 


GASTEROPODS  IN  A  LEPIDODENDRON  FROM  CRAIGLKITH  QUARRY.   247 

When  moistened  with  water  and  freed  of  the  shells,  the  matrix 
forms  a  plastic  adhesive  mud  clinging  with  great  readiness  to 
the  side  of  the  containing  vessel.  If  allowed  to  diy,  it  becomes 
a  hard  solid  mass,  which  when  broken  up  into  a  state  of  fine 
division,  has  a  soft  earthy  feel.  In  washing  the  deposit  1  looked 
very  carefully  for  the  presence  of  other  organic  remains  along 
with  the  shells.  At  first  I  was  at  a  loss  to  account  for  the  pre- 
sence of  several  imprints  or  upper  casts  of  what  must  have  been 
minute  bodies  with  a  grooved  and  pitted  surface.  At  last  I 
found  several  very  small  portions  of  plant  remains,  which 
apparently  had  been  calcified.  On  making  a  drawing  of  these 
with  the  aid  of  a  lens,  the  resemblance  to  the  bark  of  the  lepido- 
dendron  was  at  once  manifest.  To  see  if  the  markings  produced 
by  them  corresponded  to  the  imprints  I  had  already  found,  I 
made  an  impression  with  them  on  soft  wax,  and  found  they 
were  identical  An  exceedingly  small  conical  body  was  alsa 
found  with  a  blunt  apex  and  grooved  exterior.  It  was  not  more 
than  I  of  an  inch  in  length,  and  its  base  showed  an  uneven 
outline,  proving  that  it  was  the  fractured  terminal  portion  of 
something,  but  of  what  there  was  not  sufficient  accurately 
to  determine.  Mr  Peach,  who  kindly  examined  it  for  me,, 
suggested  it  might  be  the  base  of  a  Zaphrentis  coral ;  but  on 
making  a  microscopic  section  of  it,  it  showed  no  internal 
structure  whatever. 

The  sheUs  of  the  gastropod  are,  on  the  whole,  well  preserved 
and  are  white  in  colour,  and  vary  slightly  in  size.  The  larger 
ones  have  the  appearance  of  being  fully  developed,  the  smaller 
ones  probably  not  yet  having  reached  maturity.  They  are  com- 
posed of  3^  to  4  whorls,  the  body  whorl  being  much  larger  than 
the  rest  of  the  shell.  This  is  the  little  gastropod  that  Mr 
Etheridge  referred  at  first  to  the  genus  Littorina ;  ^  but  on  secur- 
ing better  specimens,  had  reason  subsequently  to  alter  its  name 
to  Platyostomella  Scotoburdigalensis.  *  Our  previous  acquaint- 
ance with  this  beautiful  little  shell  is  entirely  due  to  the  research 
of  Mr  Bennie  and  Mr  Henderson,  members  of  this  Society.  Indis- 
tinct rings  of  growth  may  be  seen  on  several  of  the  shells  from 
the  Lepidodendron,  but  no  colour  bands,  unlike  those  figured 
by  Mr  Etheridge.  On  comparing  them  with  those  figured,  a 
much  stronger  general  resemblance  to  the  Naticopsis  will  at 
once  be  seen  than  any  of  those  from  the  Eaw  Camps  or  Craig- 
kelly,  though  traces  of  the  umbilicus  are  quite  distinct  in  several 
cases.  According  to  Mr  Etheridge,  the  Platyostomella  has 
generic  affinities  to  the  Naticopsis,  Platyostoma,  and  Stropho- 

^  Q.J.G.S.,  xxxiv.  p.  18. 

^  ProceediDgs  of  Boyal  Physical  Society,  Session  GIX.  Mr  Etheridge  on  a 
SmaU  Naticiform  Gasteropod. 
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stylus,  and  has  points  of  resemblance  to  the  Ampullaria  and 
some  of  the  Neritinas.  It  occurs,  as  far  as  yet  known,  only  in 
the  Calciferous  Sandstone  series,  with  a  vertical  range  of  about 
2000  feet  from  the  top  of  the  Granton  Sandstones  up  to  the  base 
of  the  Burdiehouse  Limestone.  It  was  first  found  in  a  band  of 
thin  shelly  limestone  known  as  the  Buckie-fake,  at  Baw  Camps 
Quarry,  Mid-Calder.  Later  several  specimens  were  got  from  a 
shale  (?)  at  Drumsheugh,  and  Mr  Bennie  afterwards  discovered 
the  same  shell  in  a  band  of  shale  at  Craigkelly,  near  Burntisland. 
To  these  previous  records  we  may  now  add  the  phenomenal 
occurrence  of  the  little  gasteropod  in  the  Lepidodendron  from 
Craigleith  Quarry.. 

From  the  mere  fact  that  the  shell  occurs  in  the  interior  of  a 
fossil  tree  in  an  estuarine  deposit,  we  are  left  in  a  tolerably 
safe  position  to  infer  that  the  gasteropod  was  able  to  exist  and 
thrive  in  brackish,  if  not  fresh  water.  We  have  already  seen 
that  the  nests  containing  the  Platyostomella  must  have  been 
deposited  in  the  tree  at  some  time  previous  to  the  sand 
which  filled  up  the  interior.  We  have  also  seen  the  macro- 
scopic and  microscopic  differences,  and  the  probable  difference 
in  condition  of  deposition.  If  we  keep  in  mind  those  facts, 
there  is  but  little  room  to  doubt  that  these  calcareous  nests 
containing  the  gasteropoda  are  drifted  material, — the  remnants 
of  some  pre-existing  deposit  caught  up  by  the  tree  at  some 
period  of  its  earlier  history  and  partially  washed  out  again. 
Fig.  2  shews  the  distribution  of  the  nests  in  the  interior  of  the 
Lepidodendron.  At  the  bottom  of  the  figure,  the  outline  of  the 
portion  seen  in  section  in  Fig.  1,  is  indicated.  This  patch 
extends  almost  to  the  edge  on  the  right  hand  side.  This  was 
the  thickest  of  the  deposits,  and  attains  its  maximum  of  an  inch 
in  thickness  at  the  edge,  gradually  thinning  inwards  towards  the 
centre.  Supposing  for  a  moment  that  the  gasteropods  were 
washed  into  the  Lepidodendron  after  it  had  taken  up  its  final 
resting-place  in  the  sand,  we  would  surely  expect  to  find  the 
point  of  maximum  thickness  towards  the  centre  of  the  tree. 
To  illustrate  better  what  I  mean,  suppose  a  number  of  small 
objects  like  shells  to  be  shot  into  a  cylindrical  body  by  the  agency 
of  running  water,  and  under  the  force  of  gravity.  After  the 
operation  the  bodies  will  be  found  to  occupy  a  central  position 
in  the  lower  half  of  the  cylinder,  and  to  arrange  themselves  in  a 
more  or  less  continuous  line  parallel  to  the  axis  of  the  cylinder. 
If  the  rest  of  the  interior  be  now  filled  up  with  a  different  sub- 
stance like  sand,  and  the  whole  submitted  to  pressure  from 
above,  the  bodies  will  be  found  in  the  same  relative  position 
with  their  maximum  thickness  in  the  centre  and  gradually 
thinning  off  towards  both  sides.     Figs.  3  and  4  shew  what  is 
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meant  If  subjected  to  pressure  from  above,  Fig.  3  will  yield 
such  a  result  as  is  indicated  in  Fig.  4  Now  if  we  restore  the 
fossil  Lepidodendron,  it  is  obvious  that  the  gasteropods  were  in 
the  position  represented  by  the  shaded  portions  of  Fig.  5  before 
the  sand  was  deposited  in  the  interior.  If  the  squashing  of  the 
tree  be  due  to  subsequent  causes,  it  is  clear  that  the  nests  could 
not  have  taken  up  such  a  position  in  the  ordinary  course  of 
deposition.  There  seems  but  one  way  to  account  for  their 
curious  situation.  They  must  have  been  cUnging  to  the  interior 
of  the  tree  in  practically  a  solid  mass;  otherwise  the  law  of 
gravitation  woidd  have  insisted  on  them  taking  up  a  more 
central  position.  Another  point  worthy  of  observation  is,  that 
the  shells  are  equally  distributed  throughout  the  nests.  If  we 
keep  in  mind  the  curvature  of  a  hollow  tree,  we  would  expect 
to  find  them  in  greatest  numbers  in  what  was  then  the  lower 
side. 
The  material  on  which  the  shells  lie,  as  already  observed, 


Tig.  3. 


nc.l. 


r,cs. 


forms  a  tenacious  mud  which  hardens  on  losing  its  moisture. 
If  such  a  deposit  were  washed  out  again  from  the  interior  of  a 
hollow  tree,  only  those  portions  that  were  well  within  the  interior 
and  were  harder  and  more  tenacious  would  remain  behind.  A 
tree  drifting  any  distance  is  bound  to  lose  the  greater  portion  of 
material  carried  away  with  it  by  the  buflfeting  and  lapping 
action  of  the  waves  to  which  it  is  subjected  in  its  journey  sea- 
wards. We  have  even  geological  records  of  material  dropped  in 
this  way.  I  need  hardly  cite  the  case  of  Pupa  vetusta  and 
Zonites  prisma,  both  of  which  are  land  shells,  and  which  we 
know  must  have  been  dropped  by  drifting  vegetable  matter 
into  the  muddy  bottom  of  shallow  water. 

These  nests  in  the  Lepidodendron  I  take  therefore  to  be  the 
remnants  of  some  earlier  deposit  which  had  been  washed  out 
again,  and  the  probable  extent  of  the  original  deposit  to  be 
represented  by  the  line  in  Fig.  5.  Of  the  earKer  history  of  the 
tree  we  can  know  but  Kttle.  We  know  it  grew  on  the  muddy 
VOL.  Vn.  PART  m.  K 
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banks  of  a  river  and  attained  a  considerable  size ;  then  decayed 
and  was  carried  seawards  in  a  south-westerly  direction  by  the 
river  as  far  as  its  great  estuary  or  delta.  The  rest  we  must 
furnish  for  ourselves.  Palaeozoic  rivers  were  in  nowise  different 
from  those  of  to-day.  Every  river  of  any  size  is  constantly 
bringing  floated  timber  from  its  higher  reaches,  especially  during 
a  spate.  Such  drifted  material  must  occasionally  at  least, 
retain  relics  of  its  previous  history.  The  drift  can  seldom  be 
one  continuous  process.  An  awkward  body  like  a  tree  will 
get  at  times  into  shallows  or  may  lie  buried  in  mud  on  the 
banks  till  the  next  flood  causes  it  to  resume  its  journey.  This 
process  may  be  repeated,  until  at  some  future  time  a  large  spate 
will  carry  it  right  out  seawards,  when  it  will  get  covered  up  with 
sand  and  silt,  along  with  any  land-derived  or  fresh-water  organ- 
isms it  may  have  retained.  Such  may  have  been  the  fate  of  the 
Lepidodendron  from  Craigleith.  It  may  have  lain  in  a  decayed 
condition  in  a  shallow  or  on  the  muddy  banks  of  the  river, 
and  a  spate  with  its  muddy  turbulent  water  shot  into  it  a 
jumbled,  confused  mass  of  shells,  pebbles,  &c.  The  strength  of 
the  current  would  be  sufficient  to  cause  it  to  move  onwards  with 
its  load,  and  in  time  to  lose  most  of  the  material  again,  when  it 
would  become  lighter  and  float  away  out  seawards.  Those  parts 
alone  which  were  well  within  the  interior  and  in  a  condition  to 
resist  such  treatment  would  survive  to  the  last 

Looking  now  to  the  previous  records  of  the  shelL  The  first 
specimens  were  found  by  Mr  Bennie  at  the  Baw  Camps  Quany 
in  a  thin  band  of  shelly  limestone  and  shale  immediately  under- 
lying the  Burdiehouse.  This  latter  deposit  is  admitted  by 
almost  all  geologists  to  be  a  fresh-water  or  estuarine  limestone ; 
and  from  the  fact  that  this  shell  occurs  in  a  thin  bed  which  con- 
tains no  marine  fossils  at  its  base,  on  the  absence  of  other  evi- 
dence, it  seems  not  unreasonable  to  suspect  the  fresh-water  or 
brackish  origin  of  the  Eaw  Camps  Platyostomella.  The  next 
specimens  were  got  from  Drumsheugh,  near  the  Dean  Bridge, 
in  a  shale  (?)  at  the  top  of  the  Granton  Sandstones  which  we  may 
regard  as  the  borderland  between  estuarine  and  marine.  The 
shell  also  occurs  at  Craigkelly  Quarry  in  a  band  of  shale.  This 
quarry  lies  near  Burntisland,  to  the  west  of  the  volcanic  neck 
known  as  the  Binn.  At  this  locality  it  is  associated  with 
Hpirorbis  pusillus,  which  would  indicate  marine  conditions.  But 
the  Craigkelly  Platyostomella  differs  considerably  in  morpho- 
logical characters  from  that  at  Raw  Camps,  so  much  so  that  Mr 
Etheridge  hesitated  whether  to  allow  them  to  pass  as  one  and 
the  same  shell  or  not.  Even  admitting  the  identity  to  be 
established,  the  difference  of  form  may  indicate  a  difference  in 
habit  of  this  particular  gastcropod.    The  Platyostomella  pro- 
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bably  resembled  in  habit  the  Hydrobia  of  which  fresh  water, 
brackish,  and  marine  forms  are  known.  If  so,  this  form  in  the 
Lepidodendron  of  Craigleith  Quarry  along  with  that  found  at 
Raw  Camps,  would  seem  to  be  the  fresh-water  variety  of  the 
Platyostomella,  and  the  Craigkelly  the  marine. 

Although  the  Lower  Carboniferous  rocks  of  Scotland  are  so 
rich  in  drifted  material,  it  is  surprising  that  little  or  no  trace  of 
land-derived  or  fresh-water  organisms  has  yet  been  recorded 
from  among  our  plant  remains.  This  may  be  due  to  two  reasons. 
Much  of  the  drifted  material  may  have  come  from  long  distances 
and  lost  anything  it  may  have  transported,  before  being  em- 
bedded in  the  sand  or  silt.  Or  perhaps  it  is  due  to  the  ten- 
dency of  collectors  to  pass  over  such  common  fossils  as  Lepido- 
dendroids,  Stigmaria,  &c.,  without  examining  their  internal 
structure,  to  see  if  they  can  give  us  any  further  details  of  the 
world's  life  history.  It  is  only  thus  we  can  hope  to  know  many 
of  the  tinier  creatures  of  the  earth,  and  to  fill  in  the  vacant  little 
blanks  in  the  long  record  of  the  rocks. 


Explanation  of  Plate, — ^The  plate  is  from  a  photograph  taken 
•of  portion  of  the  Lepidodendron  containing  the  shells  of  Platy- 
ostomella. The  view  is  of  the  interior  of  the  tree,  the  bark 
being  on  the  side  remote.  The  jumbled  appearance  of  the 
shells  in  the  deep  coloured  nest,  as  well  as  the  unconformity 
between  the  laminae  of  sand  and  the  nest,  are  well  seen.  The 
original  is  now  deposited  in  the  Museum  of  Science  and  Art, 
Chambers  Street,  Edinburgh. 
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XXXVL — On  Apophyllite  from    Cape    Colony.      By    James 
CUBRIE,  Jun.,  M.A.,  F.RSJE.    (Plate  XIV.) 

(Bead  18th  itaicb  1897.) 

THB0T7GH  the  courtesy  of  Mr  Gardner  F.  Williams,  the  General 
Manager  of  the  De  Beers  Mines,  I  was  permitted  during  a  short 
visit  I  paid  to  Kimberley  in  1889  to  examine  the  "  floors  "  upon 
which  the  blue  ground  of  the  Company  is  placed  for  weathering, 
and  the  heaps  where  the  rejected  material  is  deposited.  Most 
of  the  minerals  to  be  seen  there  are  of  course  derived  from  the 
diamantiferous  breccia  of  the  volcanic  neck,  and  few  of  them, 
as  has  been  remarked  by  Professor  Bonny  and  others,  show 
recognisable  crystal  faces.  Perhaps  the  commonest  of  the 
minerals  thus  occurring  with  the  diamonds  are  olivine,  chrome 
diopside,  biotite,  and  pyrope. 

Besides  these  minerals  there  are  others  which  are  obviously 
not  derived  from  the  neck  but  from  the  exterior  melaphyi^e 
or  basalt,  and  among  these  is  Apophyllite  in  very  distinct 
crystals.  I  paid  no  particular  attention  to  the  specimens  at  the 
time,  but  on  examining  them  lately  with  more  care  it  seemed  to 
me  that  they  were  worthy  of  notice,  especially  as  South  Africa 
does  not  appear  as  a  locality  for  this  mineral  even  in  recent 
and  exhaustive  works  on  mineralogy,  and  also  because  the 
specimens  exhibit  some  uncommon  forms. 

Apophyllite  appears  to  occur  at  Kimberley  in  two  similar  but 
distinct  types.  In  the  first  the  transparent  and  colourless* 
crystals  are  well  defined,  lining  cracks  in  the  decomposed  rock, 
upon  which  they  are  implanted  directly,  with  the  basal  pinacoid 
generally  vertical  to  the  surface.  The  forms  are  c  (001),  a  (100), 
m  (110\^  (111)  <r  (211),  (Plate  XL,  Figs.  1  and  2).  Some- 
times tne  crystals  are  cubic  in  appearance  by  the  reduction  of 
^  to  a  small  triangle  truncating  the  solid  angles.  On  the  other 
hand  the  habit  is  even  more  frequently  thin  tabular,  the  thick- 
ness being  one-fifth  or  less  of  the  length,  and  in  this  case  a  may 
be  represented  by  a  small  lozenge.  The  crystals  occur  up  to 
15  mm.  in  length.  When  they  weather,  they  whiten  and  break 
up  into  folia)  parallel  to  the  basal  pinacoid. 

The  second  type  I  observed  only  on  detached  and  broken 
fragments,  but  the  crystals  seem  to  have  been  3  or  4  cm.  across ; 
they  are  thin  tabular  parallel  to  c.  The  forms  are  much  more 
numerous  in  this  case,  but  most  of  the  faces  ai^e  still  confined 
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to  the  zone  {ep}.  Between  z  and  c  there  are  no  fewer  than  four. 
These  are  extremely  narrow  and  are  repeated  so  frequently  that 
they  are  not  easy  to  determine  accurately.  The  combination 
seems  to  be  c  (001),  a  (100),  m  (110),  y  (210),  r  (310),  j9  (111), 
X  (1110),  i  (119),  d  (115),  4>  (227),  z  (113),  x  (223),  k  (332), 
A  (221),  or  (211),  (fig.  3),  with  c,  a,  ^,  ^  as  the  predominant 
forms.    The  specific  gravity  is  about  2*33. 

The  £Eu;es  a  and  z  are  strongly  striated ;  the  former  perpen- 
dicular to  c,  and  the  latter  parallel  to  it :  c  itself  is  striated  in 
an  irregular  manner  parallel  to  the  edges  c/a  and  c/p. 

In  general  habit  these  crystals  suggest  the  Apophyllites  of 
the  Seiser  Alp,  and,  at  least  in  the  second  type,  contrast  strongly 
with  the  comparatively  simple  forms  which  are  familiar  to  us 
from  the  igneous  Tertiaries  of  Western  Europe,  where  the  most 
nsual  combination  is  acp.  By  far  the  most  complicated 
crystals  I  know  of  in  Scotland  were  observed  by  myself  at 
Rudha  na  h-Airde  Glaise,  near  Portree  in  Skye.  These  occupied 
a  small  druse  along  with  radiating  mesolite,  on  which  they  are 
disposed.  The  forms  of  Apophyllite  there  present  are  c  (001), 
a  (100),  r  (310),^  (111),  d  (115),  t;  (105),  s  (102)— the  two  last 
being  extremely  minute  faces,  identified  by  Professor  Heddle. 
For  the  sake  of  comparison  a  drawing  is  given  of  one  of  these 
Portree  crystals  (Fig.  4).    They  measure  about  3mm.  across. 
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XXXVII. — Incipient  Metamorphism  in  the  Harlech  Grits.     By 
Edwabd  Greenly. 

(Read  18th  March  1897.) 

For  more  than  half  a  centuiy,  ever  since  the  early  classic  labours, 
of  Sedgwick  and  the  masterly  exposition  by  Samsay  of  the  work 
of  the  Geological  Survey,  the  name  of  the  Harlech  Grits  has- 
been  familiar  to  geologists  as  that  of  the  rocks  which  rise  aloug 
the  axis  of  the  great  anticlinal  of  Merionethshire.  Their  Cam- 
brian age  has  never,  so  far  as  I  know,  been  called  in  question — 
indeed,  the  term  "Harlech  Series"  has  often  been  used  as. 
synonymous  for  the  Paradoxides  zone  of  the  Cambrian  system, 
though  in  view  of  their  almost  unfossiliferous  character,  this 
seems  undesirable. 

Their  thickness  is  very  great,  the  estimate  of  Sir  A.  C- 
Ramsay  being  from  7000  to  8000  feet ;  the  base  moreover  being 
unseen,  although  slaty  beds  are  more  abundant  in  the  lowest 
portions  exposed.  They  are  wonderfully  thick-bedded ;  single 
beds  reaching  8, 10,  or  even  12  feet;  and  very  hard :  and,  between 
the  crown  of  the  anticlinal  and  the  coast,  rise  into  a  range  of 
mountains  about  2400  feet  in  height,  whose  bald  tops  and  step- 
like escarpments  will  compare,  for  expanse  of  grey  and  barren 
rock,  with  the  Archaean  Gneiss  of  the  North-West  of  Scotland. 

Lithologically,  the  Harlech  Grits  are  for  the  most  part 
greenish  greywackes,  generally  coarse,  and  often  pebbly,  though 
sometimes  compact,  weathering  "  brown-crusted,"  and  very  hanl 
when  undecomposed. 

On  a  fresh  fracture  they  have  a  singularly  ancient  and  altered 
look — an  observer  accustomed  to  such  a  rock,  for  instance,  as 
the  Torridon  sandstone,  would  never  suppose  these  grits  to  be  of 
later  date  than  the  almost  undisturbed  pebbly  sandstones  and 
ripple-marked  shales  of  that  remarkable  formation.  There,, 
every  grain,  every  pebble  is  distinct,  almost  as  if  it  were  of 
yesterday ;  here  the  outluies  of  the  grains  are  hazy,  and  the  rock 
has  a  somewhat  igneous,  diabase-like,  aspect.  This  was  noted^ 
and  is  well  described  by  Eamsay :  "  The  rock  has  often  a  semi- 
crystalline  aspect,  perhaps  due  in  some  cases  to  the  original 
angularity  of  its  component  grains,  and  in  others  to  the  partial 
efl'ects  of  what  is  termed  metamorphic  action"  (GeoL  North 
Wales,  ed.  ii.,  p.  19). 

In  examining  one  or  two  slides  in  my  possession,  which  had 
been  cut  merely  as  examples  of  the  group,  the  textures  which 
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give  rise  to  this  appearance  were  well  seen,  and  seem  to  me  to 
be  of  some  interest. 

The  component  minerals  identified  are  quartz,  felspar  (often 
plagioclase),  chlorite,  epidote,  iron  oxides,  calcite,  white  mica, 
hornblende  (?),  zircon,  apatite,  and  tourmaline.  The  original 
clastic  grains  include,  besides  the  abundant  quartz  and  felspar, 
fn^ents  of  andesites,  febites,  and  granitoid  rocks,  as  well  as  a 
folmted  quartz-mosaic  rock  probably  belonging  to  a  schistose 
series.     They  are  moderately  rounded. 

By  ordinary  transmitted  light,  the  same  haziness  of  outline 
is  observable  as  in  hand-specimens,  and  the  green  colour  is  seen 
to  be  due  to  chlorite  and  epidote. 

Between  crossed  Nicols  much  more  becomes  evident.  In  slides 
of  the  Torridon  sandstone,  the  outlines  of  the  grains,  however 
angular,  are  those  of  attrition,  and  the  outline  seen  between 
crossed  Nicols  coincides  with  that  in  ordinary  light.  Each  grain 
is  bounded  by  clear,  smooth  curves,  broken  only  by  few  angles, 
re-entering  angles  being  rare  and  moderate.  In  the  Harlech 
Grits,  on  placing  a  slide  between  the  Nicols,  the  grains  appear 
to  have  been  suddenly  "  frayed  out "  all  round,  producing  an 
effect  of  peculiar  confusion  after  having  looked  at  the  Torri- 
donian  grit.  This  is  due  to  the  fact  that  the  margins  of  the  grains 
are  composed  of  an  intimately  interlocking  mosaic,  the  elements 
of  which  have  different  optical  orientations  ("  granulitization  " 
of  some  authors).  Some  of  these  mineralogical  elements, 
moreover,  are  in  mineral  union  with  material  that  lies  outside 
the  periphery  of  the  grain  as  seen  in  ordinary  light.  In  some 
cases  the  grain  has  been  encroached  upon  by  the  matrix,  in 
othei-s  it  appears  to  have  grown  outwards  to  it;  but  of 
these  points  it  is  somewhat  diflScult  to  be  really  sure.  The 
matrix  itself  is  also  a  mosaic. 

Now  this  structure  is  characteristic  of  crystalline  schists  ;  it 
is  the  structure  of  the  "  Moine  Schists  "  of  the  N.W.  High- 
lands, of  Hornblende-schists  of  the  Scourie  Dyke  type,  and 
many  other  well-known  types.  A  slide  from  the  epidotic  grits 
of  the  Highland  "  Green  Beds  "  near  Dunoon  shew  the  same 
structural  characteristics  in  a  high  degree ;  and  another  from 
one  of  the  grit  lenticles  occurring  in  the  schists  of  the  S.E.  of 
Anglesey,  recently  described  by  the  author  (GeoL  Mag.,  Dec. 
1896),  also  possesses  it.  The  Harlech  grits,  however,  approach 
much  more  nearly  to  the  characters  of  these  Anglesey  rocks 
than  might  have  been  expected  from  the  associations  of  the 
latter. 

Eetuming  to  ordinary  light,  the  chlorite  of  the  matrix  is  seen 
to  be  fairly  well  crj'stallised  in  small  green  blades  or  plates, 
which  are  arranged  for  the  most  part  in  rows,  with  their  longer 
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axes  and  cleavage  planes  lying  across  the  narrow  inter-spaces 
between  the  pebbles.  Very  often  they  form  a  radiating  halo  all 
round  a  grain  or  pebbla     In  the  slides  in  my  possession  they 
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cannot  be  seen  to  have  any  general  orientation  or  foliated 
arrangement.  Now,  when  these  radiating  halos  are  examined 
with  a  high  power,  it  can  frequently  be  seen  that  fine  green 
plate-like  and  acicular  crystals  pass  out  from  the  surrounding 
matrix  and  penetrate  into  the  body  of  the  quartz  of  a  pebble 
(Figs.  1,  2,  and  3,  which  were  drawn  by  hand  from  the  micro- 
scope), retaining  perfectly  their  own  crystalline  forms.  The 
quartz  of  the  pebble  is  in  each  of  the  drawinj^s,  and  in  many 
others,  not  a  mosaic  aggregate,  but  a  mineralogical  unit  The 
original  water-worn  boundarj'-  of  the  pebble  has  therefore,  in 
these  cases,  wholly  disappeared,  the  existing  boundary  being 
composed  of  a  kind  of  chevaux  d^  frise  of  green  acicular 
crystals  projecting  into  clear  quartz.  Many  of  the  finer  of  these 
green  needles  have  a  much  higher  double  refraction  than  chlorite, 
and  are  probably  a  green  biotite  or  a  pale  hornblende  with  a  low 
extinction  angle. 

The  epidote  occurs  in  small  irregular  granules  in  the  matrix, 
in  which  also  are  numerous  crystals  of  magne- 
tite (Fig.  4),  which  are  not  only  idiomoiphic, 
but  have  often  several  sharp  reentering  angles. 
(Both  chlorite,  epidote,  and  magnetite  occur 
also  in  the  included  igneous  fragments,  but 
merely  in  the  manner  common  in  altered 
andesitic  rocks,  and  calling,  therefore,  for  no 
remark.)  Some  grains 
of  Tourmaline  also,  which 
were  probably  clastic  in 
origin,  have  been  enlarged 
by  outgrowth  into  crystal- 
line groups  adapted  to 
the  form  of  the  interspaces  in  wlueh  they  lie  (Fig.  h\ 

It  is  manifest  from  the  foregoing  facts  that  there  has  been 
considerable  mineralogical  readjustment  of  the  constituents 
of  these  rocks,  and  that  not  merely  of  the  more  easilv  altered 
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matrix;  but  of  the  marginal  portions  of  the  quartz-pebbles 
themselves,  between  which  and  the  matrix  mineral  and  chemical 
interaction  has  taken  place,  resulting  sometimes  in  granulitiza- 
tion  of  the  quartz,  sometimes  in  a  penetration  of  quartz  that 
still  retains  its  integrity  by  the  ferro-magnesian  constituents 
of  the  matrix. 

Comparing  with  other  altered  sedimentary  rocks,  the  epidoMc 
grit  from  Dunoon  considerably  exceeds  them  in  degree  of 
alteration ;  the  granulitic  mosaic  extends  more  deeply  into  the 
quartz-pebbles,  so  that  the  smaller  ones  are  wholly  granulitised, 
the  mosaic  itself  being  coarser  in  texture,  while  the  ferro- 
magnesian  constituents  are  more  perfectly  formed  and  larger, 
including  good  crystals  of  brown  mica.  The  rock  is  indeed 
rather  a  crystalline  schist  with  surviving  original  structures, 
than  merely  a  schistose  grit.  A  highly-sheared  specimen  of 
Torridon  sandstone  from  near  Kinlochewe,  however,  though 
full  of  sericitic  mica,  does  not  exceed,  possibly  does  not  equal, 
the  Harlech  Grit  with  regard  to  the  re-crystallisation  of  its 
constituents,  the  structural  type  being  also  very  different. 
And,  as  above  stated,  the  degree  of  alteration  in  a  small  gritty 
lenticle,  embedded  in  highly  schistose  material  from  S.E. 
Anglesey,  is  but  a  little  higher. 

The  comparisons  just  now  made,  moreover,  lead  to  certain 
considerations  bearing  upon  the  interesting  question  of  the 
causes  which  have  induced  this  process  of  re-crystallisation 
in  the  Harlech  Grits. 

The  altered  rocks  with  which  we  have  just  compared  them 
are  all  more  or  less  foliated,  and  some  very  markedly  deformed 
by  shearing  stresses.  But  in  these  slides  and  specimens  from 
Harlech,  no  deformation  or  parallel  structure  of  any  kind  is 
discernible.  The  plates  of  chlorite  have  no  foliated  arrange- 
ment, indeed,  the  only  marked  arrangement  is  one  radial  to 
the  larger  pebbles,  nor  are  the  other  idiomorphic  constituents 
elongated  in  one  direction  more  than  in  another.  And,  further, 
it  IB  remarkable  that  the  felspar  pebbles  have  been  less  afi'ected 
by  the  metamorphic  processes  than  those  of  quartz,  and 
that  those  of  Felsite  and  Andesite  appear  to  be  unaffected 
altogether.  There  are  pebbles  of  Andesitic  lava,  full  of  delicate, 
lath-shaped  felspars,  which  show  no  trace  of  deformation,  even 
at  the  edges,  their  delicate  polysynthetic  twinning  continuing 
to  the  very  point  of  contact  with  the  matrix  ;  while  pebbles  of 
quartz,  almost  in  contact  with  them,  have  their  margins  granu- 
litised and  penetrated  by  plates  of  chlorite. 

These  facts  are  certainly  suggestive  of  contact — metamorph- 
ism.  But  the  specimens  described  were  taken  from  near 
Maes-y-gamedd  and  Moelfre,  a  mile  or  so  to  the  S.W.  of  the 
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Pass  of  Bwlch  Drws-Ardudwy,  where  no  igneous  rocks  ar& 
indicated  on  the  one-inch  map  but  two  small  basic  dykes,  and 
those  nearly  half  a  mile  away  from  the  nearest  point  More- 
over, it  i$  exceedingly  unlikely  that  large  igneous  masses  are 
concealed  immediately  below,  for  although  certain  felsitic  rocks 
do  appear  about  the  crown  of  the  anticlinal,  the  district  from 
which  the  specimens  are  taken  lies  in  a  synclinal  axis,  between 
the  mountain  range  and  the  sea,  and  is  trenched  by  deep 
transverse  valleys,  in  none  of  which  do  any  such  igneous  rocks 
appear. 

On  the  other  hand,  though  the  slides  exhibit  no  signs  of 
deformation  or  foliation,  undulose  extinction  is  exceedingly 
common  in  their  quartz-pebbles.  The  whole  district  also  has 
been,  as  is  well  known,  affected  by  movements  which  have 
produced  folds  of  gigantic  vertical  amplitude,  and  the  finer 
beds  in  the  series  have  been  converted  into  slates. 

It  seems  reasonable,  therefore,  to  refer  the  mineral  changes 
in  question  to  dynamical  causes: 

And  while  these  causes  have,  in  the  rocks  of  finer  grain, 
produced  the  usual  mechanical  effects  ;  it  would  seem  that  the 
resistance  offered  by  these  thick  and  massive  beds  of  grit 
converted  the  energy,  according  to  known  laws  of  transforma- 
tion, into  equivalents  of  molecular  movement,  which,  without 
any  process  of  mere  mechanical  crushing,  have  yielded  these 
beautiful  and  delicate  effects  of  re-crystallisation. 

Geological  speculation  at  present  shuns,  and  wisely,  terms, 
such  as  "  selective  metamorphism,"  associated,  as  they  are,  with 
very  rash  applications  of  former  metamorphic  theories.  But  it 
is  easy  to  see  that,  granted  a  process  such  as  we  have  supposed, 
a  natural  mineral  selection  must  take  place ;  and,  as  the  process 
is  not  mechanical,  but  chemical,  the  survivorship  will  be  de- 
termined, not  by  mere  hardness,  but  by  chemical  affinities. 
Quartz  we  know  is  affected  quite  easily  by  chemical  actions 
of  common  geological  occurrence,  and  so  also  are  the  ferro- 
magnesian  minerals,  while  the  re-crystallisation  of  felspar  is 
characteristic  of  a  high  degree  of  alteration.  The  apparent 
anomalies,  therefore,  in  the  behaviour  of  several  of  the  con- 
stituents above  mentioned  are  consistent  with  the  su^ested 
explanation. 

These  remarks  are  based  merely  upon  the  study  of  one  or 
two  slides  cut  from  specimens  collected  some  time  ago.  But 
a  comparative  petrological  study  of  these  old  Cambrian  grits, 
founded  upon  field-e^idence,  would  probably  yield  results  of 
considerable  interest  to  students  of  many  metomorphic  rocks 
whose  geological  age  is  still  unknown. 
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XXXVIII. — Notes  on  a  Borehole  through  the  Rocks  of  the  CcUton 
Hill,  By  J.  6.  GooDCHiLD,  H.M.  Geological  Survey, 
F.G.S.,  F.Z.S.,  Curator  of  the  Collections  of  Scottish 
Geology  and  Mineralogy  in  the  Edinburgh  Museum  of 
Science  and  Art 

(Read  18th  March  1897.) 

Within  the  last  few  months  a  borehole  in  search  of  suitable 
water  for  brewing  purposes  has  been  sunk  close  to  the  Calton 
Hill  at  Abbey  Hill.  The  site  of  the  well  is  about  one  hundred 
and  fifty  yards  due  east  of  the  Calton  Tunnel,  and  about  fifty 
yards  south-west  of  the  Abbey  Hill  Viaduct  on  the  North 
British  Eailway  ;  that  is  to  say,  it  is  about  a  quarter  of  a  mile 
east-north-east  of  the  Waverley  Station  at  Edinburgh.  A  bore- 
hole was  sunk  several  years  ago,  for  similar  purposes,  at  the 
St  Ann's  Brewery,  which  lies  about  two  hundred  yards  to  the 
east-north-east  of  the  one  specially  under  notice.  To  prevent 
confusion  regarding  which  borehole  is  meant,  the  older  one  vrill 
be  referred  to  here  as  Abbey  Hill  Borehole  No.  1,  while  the 
borehole  under  notice  will  be  referred  to  as  No.  2  of  the  same 
locality.  The  sequence  proved  in  No.  1  was  recorded  in  the 
TraTisactions  of  this  Society  by  Mr  John  Henderson.  It  will 
suflBce  for  present  purposes  to  state  that  the  borehole  was  sunk 
to  a  depth  of  rather  over  five  hundred  feet,  nearly  the  whole  of 
which  was  in  black  shale,  which  lay  directly  upon  volcanic 
i-ocks  of  the  same  type  as  the  top  beds  seen  on  the  Calton  Hill. 
No  one  doubts  that  these  Abbey  Hill  shales  are  the  same  as 
those  which  are  seen  to  overlie  the  lavas  of  the  Calton  Hill  in 
the  neighbourhood  of  the  Eegent  Terrace,  the  Regent  Gardens, 
and  the  Eoyal  Terrace,  and  which  were  also  laid  bare  in  the 
railway  cutting  at  Abbey  Hill,  where  they  were  seen  to  overlie 
the  volcanic  rocks  in  which  the  tunnel  itself  is  excavated.  They 
are  doubtless  also  the  same  black  shales  whose  existence  at 
Holyrood  was  made  known  by  Mr  John  Henderson,  and  which 
have  been  called  the  Holyrood  Shales.  There  does  not  seem 
much  reason  to  doubt  that  these  same  Abbey  Hill  shales 
underlie  and  graduate  upwards  into  the  Granton  Sandstone 
Series,  beds  in  which  were  at  one  time  worked  in  various 
quarries  around  Lochend  Loch.  They  are  thus  perfectly 
distinct  in  position  from  the  Wardie  Shales,  which  Mr  Joha 
Henderson  has  shewn  to  overlie  the  Granton  Sandstone,  and 
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which  graduate  in  their  turn  into  the  sandstones  of  Hailes  and 
BedhalL 

The  prevalent  dip  of  the  Lower  Carboniferous  Eock  around 
Abbey  Hill  is  east-noiiih-easterly  at  angles  varying  firom  15" 
to  25°.  It  was  therefore  to  be  expected  that  any  borehole 
lying  to  tl)e  west  of  No.  1  would  reach  the  volcanic  rocks  at  a 
lesser  depth  than  in  that  locality.  This  was  the  case  in  No.  2 
borehole ;  but  what  the  precise  depth  was  does  not  seem  to 
liave  been  recorded;  it  was  probably  only  a  few  feet  The 
boi-ehole  certainly  entered  the  volcanic  rocks  at  a  short  distance 
below  the  surface,  where  alternations  of  lavas  and  tufis,  with 
occasional  bands  of  rocks  of  sedimentary  origin,  are  stated  to 
liave  been  met  with  down  to  a  depth  of  750  feet  from  the  sur- 
face. No  record  of  the  details  of  these  appears  to  have  been 
kept  by  anyone,  and  such  of  the  cores  as  I  had  an  opportunity 
of  inspecting  were  not  identifiable  in  regard  to  their  position. 
They  were  certainly  andesites,  with  the  exception  of  the  lowest, 
which  was  basaltic. 

Immediately  below  the  basalt  lava  at  the  base  of  the  series  was 
proved  a  considerable  thickness  of  light-coloured  sandstone  and 
ilags,  containing  much  carbonaceous  matter,  and  very  similar  in 
general  character  to  the  type  seen  at  Craigleith  Quarry.  This 
discovery  at  once  served  to  explain  the  occurrence  in  the 
foundations  for  the  new  North  British  Railway  Hotel  of  a  sand- 
stone of  exactly  the  same  type.  In  this  latter  sandstone  were 
many  fragments  of  lepidodendroid  trees.  A  sandstone  whose 
description  well  accords  with  that  under  notice  was  proved 
many  years  ago  in  digging  the  foundation  for  the  Regent  Arch. 
It  may  be  remarked  here  that  no  such  rock  has  yet  been  seen 
on  Arthur  Seat.  Its  place  should  be  somewhere  on  the  western 
slopes  of  the  escarpment  below  the  rock  of  the  Long  Row — 
assuming  that  this  rock  is  really  a  lava,  and  contemporaneous 
with  the  lowest  basalt  lava  seen  below  the  Calton  GaoL  The  base 
of  this  sandstone  was  reached  a  little  below  at  the  depth  of  800 
feet  At  this  point  the  boring  apparatus  brought  up  the  top  of 
a  thick  bed  of  black  shale,  of  which  the  upper  15  feet  contained 
no  trace  of  any  volcanic  material  At  that  depth  a  thin  band  of 
tuff  was  found  interstratified  with  the  shala  At  820  feet  the 
borer  proved  the  existence  of  one  or  two  thin  bands  of  finely 
striped  homy  textured  limestone,  with  some  few  bands  of  chert. 
The  rock  bore  the  closest  possible  resemblance  to  an  old 
geyserite,  and  like  that  rock  showed,  in  the  most  beautiful 
manner,  evidence  of  contemporaneous  crumpling  and  contortion 
of  the  laminae,  due,  perhaps,  to  the  effects  of  the  violent  earth- 
quakes which  usually  accompany  volcanic  eruptions.  A  short 
distance  below  the  shale  a  thin  band  of  sandstone  was  seen» 
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which  in  its  turn  gave  place  to  more  tufif.  Before  noticing  this 
further,  it  may  be  well  to  mention  here  that  rocks  very  similar 
to  those  just  described  occur  above  and  below  the  horizon  on 
Arthur  Seat,  invaded  by  the  andesitic  basalt  of  the  Dasses. 
They  have  often  been  exposed  in  sections  between  Castle  Hill 
And  the  Canongate.  There  can  be  no  doubt  that  they  represent 
what  has  been  called  the  Cement  Stone  Group  in  one  part  of 
Scotland,  and  the  upper  part  of  the  Ballagan  Beds  in  another. 
The  tuffs  just  referred  to  as  underlying  these  Ballagan  shales 
consist  of  rapid  alternations  of  fine  volcanic  ejectamenta,  of 
sandstone  mingled  with  tuff,  and  of  very  thin  bands  of  sandy 
shale.  The  alternations  are  very  close,  and  bring  before  the 
mind  most  interesting  evidence  of  alternate  periods  of  quies- 
cence and  eruption,  evidently  this  latter  being  due  to  the  action 
of  a  volcano  situated  at  some  little  distance  from  the  site  under 
notice.  Bocks  of  this  type  were  proved  to  a  depth  of  872  feet 
below  the  surface.  If  these  rocks  exist  on  Arthur  Seat  their 
place  will  be  found  somewhere  in  the  low  ground  in  and  around 
Hunter's  Bog.  Rocks  of  this  same  type  were  proved  in  the 
IkkUagan  Beds  in  the  High  Street  of  Edinburgh,  about  a 
iiundred  yards  to  the  east  of  the  Tron  Church.  Mr  Peach 
joforms  me  that  similar  rocks  were  reached  in  sinking  a  deep 
foundation  in  Princes  Street  at  the  south-west  angle  of  the 
Register  House,  and  I  noted  the  same  alternations  of  tuff,  shaly 
l)eds,  and  sandstone  in  the  foundation  for  Jenner's  new  shop  in 
the  same  street. 

Further  boring  pierced  alternations  of  reddish  and  greenish 
;sandstones  and  shales  identical  in  character  with  the  rocks 
formerly  worked  at  the  Camstane  Quarries  on  the  east  slopes  of 
.Salisbury  Crags,  and  which  are  so  well  displayed  in  the  well- 
known  and  oft-visited  (juarries  at  the  north  end  of  Salisbury 
-Crags.  These  represent  the  lower  part  of  the  Ballagan  Beds  of 
Glasgow  geologists.  No  dolerite  was  met  with,  whence  we  may 
conclude  that  the  great  mass  of  the  Salisbury  Crag  Dolerite 
seen  at  the  Cat  Nick  does  really  thin  away  to  nothing  as  it 
trends  north-eastward,  as  it  does  also  to  the  south-east  This 
lends  further  confirmation  to  the  view  that  the  rock  of  Salis- 
bury Crags  is  a  great  intrusive  loedge  of  dolerite,  with  its  thin 
4*dge  directed  towai-ds  the  east.  The  lower  Ballagan  Beds  were 
found  to  graduate  downward  into  sandstones  of  the  type  so  well 
seen  at  Craigmillar,  along  the  Radical  Road  at  the  foot  of  Salis- 
bury Crags,  and  again  on  the  southern  slopes  below  the  parade 
ground  at  Edinburgh  Castle,  and  also  above  the  red  sandstone 
seen  in  the  Suburban  Railway  Cutting  just  south  of  the  Station 
at  Craiglockhart.  They  contained  the  same  flakes  and  angular 
patches  of  carbonate  of  lime,  which  appear  to  mark  the  breaking 
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up  of  thin,  chemically-precipitated  deposits  formed  in  the  shal- 
low waters  of  the  old  lagoon  in  which  these  rocks  were  laid 
down,  and  which  carbonate  of  lime,  on  slightly  lower  horizons, 
takes  the  form  of  the  well-known  cornstones  of  the  higher  parts 
of  the  Upper  Old  Sed  Sandstone.  They  afford  interesting 
evidence  of  the  change  of  climatal  conditions  and  of  the  advent 
of  vegetable  organisms  at  the  close  of  the  period  of  desert  con- 
ditions to  which  the  peculiar  character  of  the  Upper  Old  Red 
Sandstone  is  due.  In  rocks  of  this  Craigmillar  Sandstone  series 
the  borehole  was  stopped,  suitable  water  being  obtained  at  a 
depth  of  930  feet  from  the  surface. 

I  am  much  indebted  to  Mr  Robert  Henderson,  the  well-sinker, 
for  information  respecting  this  interesting  boring,  and  for  allow- 
ing me  to  take  specimens  of  the  chief  types  of  rocks  passed 
through  in  the  course  of  the  work.  These  cores  are  now  pre- 
served in  the  Geological  Gallery  of  the  Edinburgh  Museum  of 
Science  and  Art. 


About  the  importance  of  the  present  section  no  geologist  who 
has  attempted  to  work  out  a  satisfactory  map  of  the  Geology  of 
Edinburgh  can  have  any  doubt.  It  certainly  throws  a  flood  of 
light  upon  many  points  whieh  have  lain  in  the  utmost  obscurity 
until  now ;  and  it  will  do  much  to  enable  us  to  understand  more 
than  has  hitherto  been  possible  of  the  relations  of  the  various 
exposures  which  have  been  from  time  to  time  laid  bare  in  the 
faulted  and  geologically  obscure  part  of  Edinburgh  lying  between 
the  Waverley  Station  and  the  grounds  of  Holyrood  Palace.  The 
borehole  has  proved  that  in  Edinburgh,  as  in  the  west  of  Scot- 
land, volcanic  rocks  occur  in  the  upper  part  of  the  Ballagan 
Beds.  It  has  proved  the  existence  of  Ballagan  Beds  of  the 
normal  type  here,  and  has  shewn  us  conclusively  that  these  beds 
overlie  the  calcareous  breccias  of  Craigmillar  and  Salisbury 
Crags.  English  geologists  fresh  from  the  study  of  the  Lower 
Limestone  Shale  of  the  North  of  England  will  at  once  (as  the 
members  of  the  Geologists'  Association  lately  did)  recognise  the 
Ballagan  Beds  and  the  Craigmillar  Sandstones  as  together  repre- 
senting that  subdivision  of  the  Lower  Carboniferous  Kocks. 


Amongst  the  many  interesting  questions  suggested  by  the 
study  of  this  borehole  is  one  connected  with  the  relation  that  sub- 
sists between  the  volcanic  rocks  of  Arthur  Seat  and  those  of  the 
Calton  Hill    It  has  usually  been  considered  that  these  two  masses 
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of  volcanic  rocks  represent  segments  of  the  same  volcano  dis- 
severed by  one  or  more  powerful  faults.  In  a  general  way,  no 
doubt,  that  viewio  correct ;  but  it  has  long  been  recognised  that  the 
lithological  type  of  the  lavas  on  the  Calton  Hill  does  not  accord 
with  that  on  Arthur  Seat.  On  the  Calton  Hill  the  lowest  lavas, 
those  on  which  ii^  perclied  the  gaol,  are  the  only  basalt  lavas 
there — all  the  higher  b^s  being  typical  andesites.  On  Arthur 
Seat  all  the  lavas,  except  the  very  topmost  bed,  are  basalts,  that 
bed  being  an  andesite  of  the  same  type  as  that  which  makes  up 
nearly  the  whole  of  the  lavas  on  the  Calton  Hill.  From  the 
consideration  of  this  point,  it  is  clear  that  the  two  masses  can- 
not possibly  have  come  entirely  from  the. same  vent,  though  they 
may  very  well,  have  flowed  from  vents  closely  adjacent,  in  exactly 
the  same  manner  as  so  often  happens  with  volcanoes  at  the  pre- 
sent day.  Nobody  seems  to  have  thought  of  attempting  to 
determine  where  the  Arthur  Seat  type  begins  and  the  Calton 
Hill  type  ends.  The  cores  of  volcanic  rocks  from  the  well  section 
(except  the  very  lowest)  had  nearly  all  been  thrown  away  before 
I  had  an  opportunity  of  examining  them ;  but  those  I  did  see 
were  certainly  of  the  Calton  Hill  tj^e — that  is  to  say,  they  con- 
sisted of  alternations  of  tuffs  and  thin  sandstones  with  lavas  of  an 
andesitic  type,  based  upon  a  thick  mass  of  basalt  To  put  this 
statement  into  another  form — the  well  section  has  proved  that 
the  Calton  Hill  type  of  volcanic  rocks  extends  south-eastward 
nearly  to  Holyrood.  Where  then  is  the  line  of  separation  to  be 
drawn  between  this  one  set  of  lavas  and  those  of  Arthur  Seat  ? 
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XXXIX.— On  the  Crystalline  Farms  of  Biebeckite.     By  Professoi^ 
M.  F.  Heddle,  F.RS.K  (Plates  XV.  and  XVI.). 

(Bead  15th  April  1897.) 

About  the  year  1884,  Mr  James  Blackwood,  at  that  time  far  and 
away  the  most  enthusiastic  petrographer  in  Scotland,  sent  me 
sections  of  the  red  and  grey  varieties  of  the  microgranite  of 
Ailsa  Craig,  then  termed  syenite.  He  said  that  I  would  find 
microscopic  nuggets  of  gold  in  the  grey  rock,  and  he  asked 
my  opinion  as  to  the  nature  of  a  mineral  therein,  which  he  said 
could  not  be  hornblende  or  any  species  that  he  was  familiar 
with. 

To  my  astonishment  I  found  that  he  was  correct  as  regarded 
the  gold,  five  of  his  sections  showing  minute  specks  of  this  metal, 
the  largest  of  which  was  about  "006  mm.  I  reported,  however, 
that  1  could  say  nothing  as  to  the  dark  mineral,  as  it  differed 
from  hornblende  and  from  everything  else  that  I  had  ever  seen. 

About  a  year  after  this,  Mr  Blackwood  wrote  me  that  he  had 
sent  the  rock  to  Professor  Judd,  who  pronounced  the  mineral 
to  be  Chloritoid.  It  so  happened  that  I  had  myself  some  years 
before  obtained  exceedingly  fine  specimens  of  Chloritoid  from 
the  schists  of  Hillswick  in  Shetland,  and  had  determined  the 
mineral  by  my  own  analysis.  I  had  also  made  sections  of  it, 
and  as  these  could  not  be  said  to  comport  themselves  under  the 
microscope  in  any  respect  as  did  the  Ailsa  mineral,  I  had  to 
report  that  I  could  not  range  myself  with  Professor  Judd  in  his 
finding. 

Mr  Blackwood  then  submitted  specimens  to  M.  Lacroix,  who 
had  made  a  careful  study  of  Chloritoid,  and  who  agreed  with 
me  in  stating  positively  that  the  mineral  did  not  belong  to  this 
species.  Professor  Judd,  however,  adhered  to  his  opinion,  and 
in  1886,  in  a  footnote  to  a  paper  by  him  on  the  Volcanic  Eocks 
of  the  North-Eaflt  of  Fife  (Q.  J.  G.  S.,  1886,  xlii.,  428),  he 
says :  "  Chloritoid  ...  is  by  no  means  rare  among  the  Scottish 
rocks.  I  find  it  to  occur  very  abundantly  in  the  interesting 
rock  of  Ailsa  Craig,  for  opportunities  of  studying  which  I  am 
indebted  to  Mr  Blackwood  of  Kilmarnock." 

I  thereupon  drew  up  and  sent  to  Mr  Blackwood  a  scheme 
showing  the  differences  between  the  two  minerals,  which 
enabled  me  to  say — 

"  I  give  it  as  my  opinion  without  hesitation  that  the  green 
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mineral  in  Ailsjte  is  not  Chloritoid.  Chloritoid  has  been 
written  upon  by  thirteen  authors  from  sixteen  localities,  and  has 
never  by  any  author  been  referred  to  other  than  sedimentan* 
rocks."  1 

Two  years  later,  specimens  from  Socotra,  which  had  been 
described  by  Professor  Bonny  as  Tourmaline,  were  analysed  by 
Sauer  (Zeitschr.  A  A  geoL  Ges.  1888,  40,  p.  138),  and  by  him 
rightly  referred  to  a  new  soda-bearing  member  of  the  Amphi- 
bole  group,  under  the  name  Riebeckite,  from  Dr  Emil  Bieb^ck, 
the  collector  of  the  Socotra  specimens. 

In  1891,  Mr  Teall  announced  (Min.  Mag.  1891,  9,  220)  on 
satisfactory  optical  grounds  that  the  mineral  of  ArLsa  Craig  was 
Kiebeckite,  and  its  identity  with  Sauer's  species  was  thus 
settled.  He  gives  a  good  description  of  its  occurrence, 
and  the  only  part  to  which  I  take  exception  is  his  cliarac- 
terisation  of  the  structure  as  "  spongy."  In  reality  the  mineral 
here  affords  a  characteristic  example  of  ophitic  structure,  the 
spaces  between  the  felspar  crystals  being  iSUed  up  by  inter- 
stitial Eiebeckite,  the  different  portions  of  which  are  in  optical 
continuity.  This  structure  is  well  shown  in  Plate  XV.,  Fig.  1, 
which  IB  taken  from  a  microphotograph  of  one  of  my  sections 
by  Mr  William  Forgan.  The  rock  seems  to  be  distinct  enough 
to  warrant  the  application  to  it  of  the  specific  name  of  Ailsyte. 
which  was  bestowed  upon  it  by  Mr  Blackwood.  Ailsyte  may 
be  defined  as  a  microgranite  with  a  considerable  amount  of 
Riebeckite  ophitically  developed  in  it  This  mineral  appears 
in  distinct  crystals  in  the  druses  only,  and  the  rock  thus  differs 
from  the  granite  of  Socotra  where  the  Eiebeckite  occurs  as 
small  prisms  in  the  mass  of  the  rock. 

Since  Mr  Teall's  identification  of  the  Ailsa  mineral,  Eiebeckite 
has  been  reported  from  two  other  Scottish  localities, the  "syenite" 
of  Meall  Dearg*(one  of  the  Eed  Hills  of  Skye),and  the  porphyrytic 
felsite  of  the  Eildon  Hills  *  in  Eoxburghshire.  The  latter  is  an 
unusual  rock  for  this  mineral,  and  the  identification,  which  is 
based  altogether  upon  certain  optical  grounds,  does  not  appear 
to  be  quite  satisfactorily  established. 

In  the  summer  of  1893  my  confrere  Mr  James  Currie  and  I 
were  endeavouring  to  unravel  some  of  the  geological  puzzles 
which  occur  along  the  coast  of  Ayrshire  near  Lendalfoot.  A 
visit  of  some  hours  was  at  that  time  paid  to  Ailsa  Craig  with  a 
view  to  obtain  characteristic  specimens  of  its  rock.  Mr  Currie 
was  then  particularly  fortunate  in  obtaining  well-developed 
crystals  of  Eiebeckite  large  enough  for  the  determination  and 

^  Since  that  date  I  have  seen  only  throe  further  notices  of  the  oocurrenoe  of 
Chloritoid,  and  these  also  relate  to  metamorphic  rocks, 
a  Teall,  quoted  by  Geikie,  Q.J.G.8.,  1.  (1894),  219. 
*  T.  Barron,  Oeol.  Mag.,  iii.  (1896),  871. 
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delineation  of  the  crystalline  form.  The  usual  size  of  these 
■was  about  3  mm.  long  by  2  mnL  broad,  but  some  very 
ill-defined  crystals  were  as  much  as  2  cm.  across.  Figs.  1  to  4 
of  Plate  XYI.  represent  some  of  the  forms  obtained  upon  that 
occasion  and  were  drawn  by  me  soon  after.  A  further  visit  to 
the  rock  in  1895  enabled  Mr  Currie  and  one  of  his  sisters  to 
obtain  the  examples  shown  in  Figs.  5  and  6,  the  former  showing 
characteristic  face  sculpturings. 

The  edges  are  sometimes  slightly  rounded,  but  otherwise  the 
crystals  are  sharp  and  well-defined.  The  form  is  very  close  to 
that  of  Hornblende,  and,  although  there  is  no  marked  elongation 
along  the  axis  of  c,  the  crystals  are  of  the  actinolitic  type. 

The  combinations  observed  were  mbrtpa,  mbrtpai,  rribaic, 
mhrtpi,  mM,  mbrtze,  and  mhrtzeo.  The  accompanying  plate 
(XVI.)  represents  all  of  these  except  the  last.  The  faces  z,  e, 
and  0,  occurred  only  on  crystals  associated  with  those  of  the 
simplest  form,  and  in  both  of  the  cases  observed  the  crystals 
showing  these  faces  were  hemihedral.^ 

Up  to  that  time  the  only  crystalline  forms  reported  had  been 
the  actinolitic  faces  h  and  m  from  the  Socotra  locality,  but  in  1895 
Professor  W.  J.  SoUas  described  specimens  from  loose  blocks  in 
the  glacial  deposits  of  Northern  Ireland  (Proc.  R  I.  A.,  3rd  series, 
III.,  p.  516),  from  which  he  was  able  to  determine  the  crystallo- 
graphic  elements  of  the  mineral,  and  on  which  he  identified  the 
following  forms  :-^  (010),  m  (110),  x  (150),  r  (Oil),  t  (101), 
p  (101),  z  (121).  Of  these  forms  all  but  x  were  observed  on 
our  Ailsa  Craig  specimens,  which  bore  in  addition  the  new 
forms  a  (100),  c  (001),  e  (130),  i  (031),  and  o  (121).  The  posi- 
tion of  all  the  observed  forms  is  shewn  on  the  stereographic 
projection  [(Plate  XV.,  Fig.  .2)  kindly  drawn  for  me  by  Mr 
Currie. 

The  typical  combination  appears  to  be  mhrt,  with  sub- 
sidiary modifications  of  edges  and  angles :  one  druse  found  was 
occupied  almost  entirely  by  crystals  showing  these  four  forms 
only.  There  would  seem  to  be  little  room  for  doubt  that 
Professor  SoUas's  specimens  were  derived  originally  from  the 
Scottish  locality. 

Although  minute,  the  appearance  of  the  little  druses  which 
carry  the  Riebeckite  in  the  microgranite  of  Ailsa  Craig  is  very 
pleasing, — the  dark  green,  almost  black,  crystals  being  set  off  by 
doubly  terminated  crystals  of  quartz,  of  which  there  is  a  very 
considerable  quantity  in  the  rock.  These  in  turn  are  surrounded 
by  minute  pearly -lustred  crystals  of  what  appears  to  be  Mur- 
clusonite. 

^  In  order  to  show  the  reUtion  to  Hornblende,  the  lettenng  adopted  is  that 
^usedbyDana(ethed.). 
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XL — Notes  on  the  Geology  of  the  Isle  of  Arran.  By  W. 
GuNN,  F.G.S.,  H.M.  Geological  Survey.  Communicated 
by  permission  of  the  Director-General  of  the  Geological 
Survey. 

(Read  15th  April  1897.) 

The  Isle  of  Arran  has  long  been  looked  upon  as  the  happy  hunt- 
ing-ground of  geologists,  the  number  and  variety  of  its  rocks, 
both  igneous  and  aqueous,  making  it  almost  an  epitome  of  the 
geology  of  Scotland.  The  northern  part  of  the  island,  with  its 
granite  core  and  ring  of  metamorphic  rocks,  has  been  fairly  well 
represented  on  the  geological  maps,  but  the  plexus  of  intrusive 
rocks  in  the  southern  part  has  been  till  lately  simply  a  chaos, 
and  no  serious  attempt  was  made  to  resolve  it.  .  .  .^ 

Schists, — ^The  foliated  schists  which  nearly  surround  the 
granite  are  by  far  the  oldest  rocks  in  the  island,  but  their  exact 
age  is  not  known.  They  are  a  part  of  the  great  metamorphic 
series  which  stretches  all  across  Scotland  from  Aberdeenshire  to 
Kintyre,  and  almost  everywhere  the  excessive  crumpling  of  the 
foliation  planes  and  the  abundance  of  quartz  in  strings  and 
veins  are  common  phenomena,  so  that  these  are  not  due  to  the 
intrusion  of  the  granite,  as  many  of  the  earlier  writers  supposed. 
The  rocks  are  similar  in  character  to  those  which  occur  in  Bute 
and  Argyle  on  one  side,  and  in  Kintyre  on  the  other,  in  dis- 
tiicts  where  there  is  no  granite  intrusion.  They  are  generally 
called  slates  by  previous  writers,  but  slates  form  only  a  part  of 
the  series  of  rocks,  many  of  them  being  coaree  and  gritty  schists 
or  schistose  pebbly^  grauwackes.  The  foliation  planes  must  not 
be  taken  everywhere  for  the  bedding,  as  sometimes  there  is  a 
considerable  discordance  between  the  two. 

The  ring  of  schists  is  incomplete  on  the  east  side  of  the  island 
for  nearly  three  miles.  There  is  none  from  Glen  Sannox  to  the 
White  Water,  and  in  Glen  Eosie  the  band  is  narrower  than 
generally  represented,  being  less  than  700  yards  in  breadth. 

Old  Red  Sandstone, — A  very  long  period  elapsed  between  the 
schists  and  the  formation  of  the  Old  Ked  Sandstone,  which  in 
one  or  two  places  may  be  seen  resting  unconformably  on  the 

^  Ko  attempt  has  been  here  made  to  describe  completely  the  geology  of  Amii„ 
only  broad  views  of  the  ceneral  structure  and  the  relations  of  the  formations 
to  one  another  are  stated,  new  points  are  noted,  and  old  mistakes  corrected. 
Di  tails  will  be  given  in  the  memoir  to  be  published  when  the  island  is  com^ 
pletely  surveyed. 
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older  rocks,  but  nearly  everywhere  is  faulted  against  them. 
The  Old  Red  Sandstone  extends  along  the  east  side  of  the  island 
from  Lagganjtuin  to  Brodick  Bay  in  a  band  of  varying  width, 
which  is  very  much  faulted ;  and  from  Brodick  Bay  westwards 
in  a  broader  band,  which  extends  as  far  south  as  the  Clachau 
Glen,  more  than  three  miles  south  of  the  String  Road.  Here 
it  is  greatly  invaded  by  masses  of  granite,  granophyre,  quartz 
porphyiy,  diorite,  and  gabbro,  rocks  probably  of  Tertiary  age,  by 
which  all  the  surrounding  strata  have  been  highly  altered. 

About  North  Glen  Sannox  there  are  three  distinct  divisions 
in  the  formation.  The  oldest  is  a. group  of  typical  lower  con- 
glomerates, purple  mudstones,  and  felspathic  sandstones,  the 
atones  in  the  conglomerates  being  large  and  well-rounded,  and 
consisting  mainly  of  pinkish  quartzite.  Next  comes  a  thick 
group  of  pale-coloured  or  whitish  quartzose  conglomerates  and 
sandstones  in  which  the  pebbles  are  not  so  large,  and  consist 
mainly  of  quartz.  This  series  is  )>robably  unconformable  on  the 
lower  one.  There  is  an  upper  group  of  red  sandstones  and  con- 
glomerates made  up  largely  of  d(5bris  of  the  lower  division  and 
of  the  schists.  It  is  this  upper  Old  Red  group  that  appears 
along  the  east  coast  of  the  island.  Between  this  and  the  middle 
group  a  set  of  contemporaneous  red  lavas  and  tufl's  of  a  basic 
character  intervenes,  which  had  not  previously  been  noticed  in 
the  island. 

The  upper  Old  Red  Sandstone  which  appears  on  the  coast 
north  of  Corrie  as  far  as  tlie  Fallen  Rocks,  and  which  has  been 
taken  as  the  general  type  of  the  Old  Red  Sandstone  of  the 
island,  forms  only  a  small  part  of  the  formation,  and  is  little  seen 
in  the  interior,  while  the  lower  division  scarcely  appears  on  the 
coast  except  on  the  west  side  south  of  Dougrie,  and  there  only 
one  type  of  it  is  found.  In  Glen  Shirrag  there  is  a  great  thick- 
ness of  red  and  purplish-red  or  chocolate  micaceous  sandstone, 
often  hanl  and  thin  bedded,  which  forms  the  highest  portion  of 
the  Lower  division,  and  is  perhaps  2000-3000  feet  thick.  Every- 
where here  the  dip  is  high  and  often  vertical,  generally  towards 
east  or  RS.E.,  but  in  several  places,  as  in  the  Cnocan  Burn  and 
south  of  Glen  Rosie,  the  dip  is  reversed,  and  as  the  beds  do  not 
seem  to  be  rdlling  or  contorted,  they  must  be  inverted.  It  was 
in  these  beds  that  Psilophyton  was  found  in  1872  by  one  of  Sir 
A  Geikie's  class,  the  only  fossil  as  yet  that  the  Old  Red  Sand- 
stone of  Arran  has  yielded.^  There  seems  little  trace  in  Glen 
Shirrag  of  either  the  Upper  or  Middle  groups  of  the  Old  Red 
Sandstone,  and  their  absence  seems  to  be  due  to  overlap  of  the 
Carboniferous  Rocks.  North  of  Corrie  the  Upper  group  seems 
unconformable  on  the  Middle,  or  on  the  Lower  group  where  the 
-  Other  specimens  have  been  collected  since  the  paper  was  written. 
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Middle  one  disappears.  The  thick  masses  of  mudstone  inter- 
stratified  with  conglomerates,  that  form  so  large  a  portion  of  the 
formation  in  Glen  Sannox,  only  appear  in  Glen  Shirrag  in  an 
attenuated  form. 

In  Glen  Rosie,  faulted  against  the  schists,  is  a  type  of  the 
rock  which  is  not  red  but  grey  in  colour,  and  otherwise  of  a 
different  character,  containing  a  diflferent  set  of  pebbles.  Beds 
of  this  type  may  be  seen  in  the  ttosie  Bum  at  the  bend  of  the 
stream  700  yards  south-east  of  the  foot  of  the  Garbh  AUt  They 
are  vertical,  strike  N.N.E.,  and  seem  to  have  hitherto  been 
confounded  with  the  schists. 

Carboni/eroTis  Formation, — The  Carboniferous  Rocks  of  Arran, 
where  developed  most  fully,  as  at  Corrie  and  S.  of  the  Cock,  em- 
brace representatives  of  the  various  strata  from  the  Cementstone 
base  up  to  about  the  horizon  of  the  Millstone  Grit.  As  there  is  a 
good  deal  of  misconception  as  to  the  position  and  importance  of 
these  rocks  in  Arran,  it  may  be  as  well  to  describe  their  distri- 
bution in  some  detail.  They  really  form  but  a  very  small  por- 
tion of  the  island.  On  the  north-east  coast  a  narrow  strip  of 
them,  3  miles  long,  occurs  between  the  Cock  and  the  Fallen 
Rocks,  the  thickness  of  which  has  been  much  exaggerated, 
because  no  account  has  been  taken  of  numerous  faults  repeating 
the  beds.  There  is  also  a  narrow  band  of  Carboniferous  Rock 
— 200  yai-ds  wide — between  two  faults  on  the  north  shore  at 
the  mouth  of  the  burn  east  of  North  Newton.  At  Corrie 
these  rocks  stretch  along  the  shore  for  two-thirds  of  a  mile,  with 
an  average  dip  of  20*  to  25° — making  a  total  thickness  of 
1200-1500  feet,  inclusive  of  a  thick  band  of  contemporaneous 
trap  300  to  400  feet  thick,  often  called  a  dyke.^  Several  of  the 
Upper  Limestones  are  visible  at  Corrie  on  the  horizon  of  the  Edge 
coals.  Inland  these  beds  are  cut  off  by  various  faults  which 
shift  their  outcrop  southward,  and  one  of  these  shifts  them  more 
than  half  a  mile,  and  has  a  throw-down  east  greater  than  the 
thickness  of  the  whole  series.  North  of  Maol  Donn  (which  is 
Newer  Red  Sandstone)  the  breadth  of  the  Carboniferous  band  is 
less  than  half  a  mile.  A  fault  runs  along  the  west  side  of  the  hill 
which  throws  out  all  the  Carboniferous  rocks  except  the  lowest^ 
the  Volcanic  series.  We  get  the  Carboniferous  beds  again  in  the 
Clachland  Burn,  and  they  can  be  traced  S.W.  through  the  wood 
and  behind  Brodick  Castle  in  a  steeply  dipping  band  altogether 
200  to  300  yards  in  width.  Some  of  the  beds  are  seen  in  the 
Rosie  Bum  at  and  above  the  bridge,  and  the  white  thick  sand- 
stones are  a  conspicuous  feature  about  Brodick  Church,  at  the 
back  of  which  the  thick  Corrie  Limestone  was  formerly  worked. 

^  The  beds  are  covered  imconformably  by  the  Newer  Ecd  Rocks  250  yards  south 
of  the  Corrio  Hotel. 
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A  large  fault  west  of  this  throws  the  beds  up  to  the  hill  side 
southward,  whence  they  can  be  traced  to  the  S.W.  in  a  steeply 
(lipping  narrow  band  200  yards  in  width.  As  we  proceed  the 
upper  beds  of  the  series  are  successively  but  gradually  being 
overlapped  by  the  Newer  Eed  Sandstone,  which  forms  a  con- 
spicuous feature  above  them  to  the  S.E.  Some  of  the  beds  of 
the  Carboniferous  are  entangled  in  the  intrusive  mass  of  the 
Windmill  Hill,  almost  dividing  it  into  two,  and  here  the  beds 
are  probably  inverted.  Owing  to  intrusive  masses  and  to  faults 
the  Carboniferous  rocks  are  shifted  S.K  for  more  than  a 
mile  to  the  south  side  of  Glen  Dubh,  and  can  thence  be  traced 
in  a  broken  way  southwards  to  Benlister  Glen,  where  the  Newer 
Ked  Eocks  rest  on  the  Corrie  Limestone,  and  onwards  to  Cnoc- 
a-Chapuill,  where  the  limestone  has  disappeared,  and  only  the 
Volcanic  series  remains.  Still  farther  westward  even  this  dis- 
.'ippears,  and  the  Carboniferous  Formation  is  entirely  gone,  not 
reaching  to  the  west  side  of  the  island. 

Another  and  thinner  Carboniferous  Volcanic  series,  on  the 
horizon  of  the  Upper  Limestones,  has  been  found  in  the  Clach- 
land  Bum,  and  in  the  woods  to  the  S.W.  It  is  10  to  25  feet 
thick — a  red  series  of  lava  and  tuffs  very  like  the  lower  and 
thicker  mass. 

Newer  Red  Rocks. — ^There  has  hitherto  been  considerable  differ- 
ence of  opinion  as  to  the  age  of  the  red  rocks  south  of  the  road 
leading  from  Brodick  Bay  to  the  west  side  of  the  island,  various 
writers  describing  them  either  as  New  Eed,  Carboniferous,  or 
even  Old  Red  Sandstone,  and  one — Ramsay — as  partly  New 
Red  and  partly  Carboniferous.  A  mass  of  red  sandstone  and 
conglomerate  occurring  near  the  Cock  in  the  N.K  of  the  island 
was  generally  regarded  as  New  Red  also,  and  here,  many  years 
ap;o,  Mr  James  Thompson  found  in  the  conglomerate  at  the  base 
of  this  series  derived  pebbles  of  Carboniferous  limestone,  with 
its  characteristic  fossils,  a  discovery  fully  confirmed  by  the 
Geological  Survey  in  1894.  The  corresponding  break  on  the 
south  side  of  the  anticline  occurs  about  250  yards  south  of  the 
Corrie  Hotel,  where  the  Upper  Carboniferous  limestones  and 
shales  are  covered  by  a  thick  series  of  false-bedded  red  sandstones, 
which  occupy  the  shore  between  Corrie  and  Brodick,  and  form 
the  fine  hill  of  Maol  Donn.  This  point  was  determined  in  the 
spring  of  1894  by  Sir  A  Geikie,  Mr  Peach,  and  myself.  In 
both  localities  the  two  formations  seem  almost  conformable,  but 
when  traced  inland  the  upper  one  is  found  to  be  decidedly  un- 
conformable to  the  lower,  and  gradually  overlaps  it  till  the 
Carboniferous  Rocks  entirely  disappear  before  reaching  the  west 
side  of  the  island.  South  of  Corrie  these  Newer  Red  Sandstones 
and  conglomerates  repose  on  the  uppermost  members  of  the 
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limestone  series  or  the  base  of  the  Millstone  Grit  In  the 
interior,  near  the  head  of  Benlister  Glen,  they  lie  ou  the  Corrie 
limestone,  hundreds  of  feet  lower  down  in  the  Carboniferous 
system,  while  on  the  west  coast  north  of  the  Machrie  Water 
they  appear  to  come  down  upon  the  Old  Bed  Sandstone,  the 
whole  of  the  Carboniferous  formations  having  there  disappeared 

These  upper  unconformable  and  overlapping  red  strata  may 
be  divided  into  two  fairly  well-marked  sections — a  lower  group, 
consisting  of  massive  and  flaggy  sandstones  with  conglomerates, 
varjdng  from  a  bright  brick  red  colour  to  tints  of  yellow  or 
grey,  and  an  upper  group  of  red  marls  and  shales,  containing; 
thin  sandstones  and  occasional  thin  bands  of  nodular  limestona 
The  upper  division  extends  through  all  the  southern  and  a  part 
of  the  western  district  of  Arran,  from  Dippin  round  to  beyond 
Drumadoou.  No  decisive  evidence  has  yet  been  obtained  to  fix 
the  exact  geological  age  of  this  Newer  Red  series  of  strata. 

These  Arran  red  sandstones,  however,  enclose  a  contempor- 
aneous Volcanic  group  very  similar  to  one  in  the  Permian  rocks 
of  central  Ayrshire,  and  also  occurring  in  Nithsdale.  At  the 
head  of  the  Sliddery  Water  is  found  a  group  of  dull-red  slj^j' 
lavas  and  red  tuffs,  apparently  intercalated  among  the  Newer 
Eed  Sandstones.  The  tuffs  seem  to  greatly  preponderate,  are 
nearly  all  red  or  purple,  and  vary  from  fine  muds  to  coarse 
agglomemtes.  They  include  two  bands  of  sandstone  and  shale, 
among  the  fallen  debris  of  which  a  large  and  fine  specimen  of 
Stigmaria  was  found ;  and  other  fossils  will  probably  reward 
further  search.  Mr  Kidston,  to  whom  this  plant  was  referred, 
believes  it  to  be  either  Carboniferous  or  Permian.  (1894.)  In 
1895  I  obtained  additional,  though  somewhat  doubtful,  plant 
remains,  apparently  from  sandstones  that  overlie  the  newer 
Volcanic  group.  But,  unfortunately,  these  volcanic  rocks  are  so 
nearly  surrounded  by  intrusive  igneous  masses  that  their  rela- 
tion to  the  surrounding  sandstones  is  not  free  from  doubt. 

However,  as  helping  to  support  the  view  that  these  tufls  and 
lavas  belong  to  the  Newer  Red  Series,  and  are  not  the  Lower 
Carboniferous  tuffs  brought  up  in  some  inexplicable  way,  we 
have  the  fact  that  on  the  south  side  of  Brodick  Bay,  in  the 
Newer  Red  Conglomerates,  there  are  found  two  volcanic  necks 
filled  in  with  an  irregularly  arranged  and  cemented  agglomerate 
It  is  true  there  is  no  igneous  material  in  the  mass,  but  volcanic 
necks,  composed  entirely  of  fragments  of  clastic  rocks,  are  not 
unknown  elsewhere. 

It  will  thus  be  seen  that,  including  this  group  of  Sliddery 
Water  head,  there  are  no  less  than  four  sets  of  contemporaneous 
volcanic  rocks  in  Arran — one  in  the  Old  Red  Formation,  two  in 
the  Carboniferous,  and  one  in  the  Newer  Red  Rocks.^ 

^  There  is,  perhaps,  still  another  in  the  Lower  Old  Red  Formation. 
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As  very  shortly  a  thorough  search  for  fossils  is  going  to  be 
made  in  these  Newer  Rocks,  it  is  to  be  hoped  that  something 
will  turn  up  to  enable  us  to  fix  definitely  their  age.  Meanwhile, 
they  are  provisionally  regarded  as  Permian. 

Intrusive  Igneous  Rocks. 

The  number  and  variety  of  intrusive  masses  and  dykes  over 
a  great  part  of  the  Island  of  Arran  are  perfectly  bewildering. 
They  belong  to  three  great  groups — basic,  intermediate,  and 
acid.  Among  the  basic  are  dolerite  and  diabase  (several 
varieties),  basalt,  and  gabbro. 

Intermediate  kinds  are  diorite  and  quartz  diorite,  trachyte  and 
others.  The  acid  rocks  include  felsite  and  quartz  porphyry 
(three  varieties),  pitchstone,  granophyre,  microgranite  or  por- 
phyrite,  and  two  varieties  (at  least)  of  granite. 

The  finer  grained  felsite  sheets  are  very  generally  distributed 
over  the  southern  part  of  the  island.  They  are  often  spherulitic, 
and  may  in  some  cases  be  devitrified  glassy  rocks.  The  coarse 
grained,  peculiar  quartz  porphyr}%  with  rounded  ciystals, 
occurs  in  three  distinct  areas — Drumadoon,  Brown  Head  and 
Kilmory  Water.  The  latter  connects  with  the  Benan  Head 
mass.  In  the  lower  part  of  the  Sliddery  Water,  a  somewhat 
intermediate  kind  of  quai-tz  felsite  occurs.  The  fine-grained 
felsite  is  newer  than  the  coarse  quartz  porphyry,  into  which  it  is 
intruded  in  the  form  of  dykes  and  sills.  Accompanying  the 
•quartz  porphyry  of  Drumadoon  and  Benan  there  is  a  mass  of 
basic  rock,  which  forms  a  kind  of  fringe  or  selvage  to  it,  some- 
times with  what  appears  to  be  a  rock  of  intermediate  character 
between  them.  Field  evidence  is  strongly  in  favour  of  these 
Acid  and  basic  rocks  of  Benan  being  practically  of  one  age  and 
not  separate  intrusions,  and  microscopic  evidence,  according  to 
Mr  Corstorphine,  confirms  this  view. 

A  great  many  small  acid  intrusions  as  sills  and  bosses  arc 
found  in  the  interior  of  the  southern  part  of  the  island,  as  also 
many  felsite  and  quartz  felsite  dykes,  but,  strange  to  say,  very 
few  of  such  appear  on  the  coast.  There  is  only  one  felsite  dyke 
of  any  importance  along  the  whole  southern  coast,  while  the 
number  of  basalt  dykes  there  is  legion.  The  felsite  dyke  occurs 
east  of  Torrylin,  and  is  30  to  40  yards  broad,  with  a  basalt 
dyke  in  it  near  the  centre. 

The  numerous  basalt  and  dolerite  dykes  for  which  the  south 
end  of  Arran  has  long  been  celebrated  have  a  general  northerly 
trend,  and  appear  to  be  all  of  the  same  age  or  nearly  so.  They 
undoubtedly  cut  through  the  quartz  porphyrie^s  and  the  coarse- 
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grained  basic  sills,  but  are  less  numerously  visible  in  the  finer- 
grained  basic  sills,  while  in  the  felsite  sheets  they  are  seldom  to 
be  seen.  In  several  places  dykes  running  in  an  east-north-east 
direction  cut  the  others,  and  are  therefore  of  later  date,  but  all 
are  presumably  of  the  Tertiary  period. 

Pitchstone,  for  which  Arran  has  long  been  noted,  occurs  in  a 
good  many  places  in  the  form  both  of  sills  and  of  dykes,  but  in 
both  forms  it  is  more  irregular  than  any  of  the  other  igneous 
rocks,  and  none  of  the  outcrops  can  be  traced  very  far.  There 
seems  to  be  a  good  deal  to  favour  the  view  that  pitchstone  passes 
horizontally  into  spherulitic  felsite. 

The  boundary  of  the  great  granite  mass  has  been  traced  from 
near  Loch  Banza  round  its  eastern  and  southern  border  to  Glen 
lorsa.  On  the  whole,  the  line  is  a  very  even  curve,  with  no 
marked  projections  of  importance— only  very  small  ones.  The 
granite  is  intruded  everywhere  into  the  schists  except  for  about 
three  miles  along  its  eastern  border,  where  it  comes  in  contact  with 
the  Lower  .Old  Eed  Eocks.  The  alteration  of  the  surrounding 
rocks  is  comparatively  little  in  places  ;  most  intense  in  Glen 
Kosie,  where  it  can  be  noticed  300  yards  from  the  edge ;  and  east 
of  Ciochna  h-Oighe.  The  alteration  is  comparatively  slight  at 
the  White  Water,  and  can  scarcely  be  noticed  20  or  30  yards 
from  the  granite  edge,  the  Low^er  Old  Eed  Sandstone  retaining 
its  colour  and  bedding  quite  distinctly,  and  only  near  the  junc- 
tion is  the  rock  changed  from  purple  to  grey,  and  hardened  and 
splintery.  The  coarse-grained  whitish  granite  of  the  margin 
which  forms  all  the  big  peaks  weathers  with  a  very  rough  sur- 
face generally,  and  contains  mica  sparingly,  except  locally,  where 
black  mica  is  pretty  abundant.  Basalt  dykes,  though  small,  are 
pretty  numerous  in  it,  and  to  the  weathering  of  these  and  other 
dykes,  as  of  quartz  felsite  and  pitchstone,  is  due  in  a  great 
measure  the  serrated  character  of  the  ridges  and  the  peaky 
outlines.  In  places  there  are  pretty  numerous  dykes  and  sheets 
of  a  finer  granite,  and  occasionally  this  occurs  in  patches  which 
seem  to  be  segregations  and  not  intrusions.  There  are  numerous 
joints  often  dipping  at  comparatively  low  angles,  which  give  to 
the  rock  an  appearance  of  being  bedded.  These  are  very  strik- 
ing in  places.  Eecords  are  kept  of  the  dip,  etc.,  of  these  to  see 
if  any  light  can  be  thrown  on  their  origin.  The  granite  is  cer- 
tainly of  later  date  than  the  Old  Bed  Sandstone,  which  it  alters, 
and  also  later  than  faults  which  affect  that  formation,  continua- 
tions of  which  'faults  also  affect  the  Carboniferous  Eocks, 
Numerous  faults  about  Maol  Donn,  which  affect  the  Newer 
Eed  Bocks,  seem  not  to  penetrate  the  granite,  though  some  of 
them  might  have  been  expected  to  do  so  if  the  granite  were  the 
earlier  rock,  and  there  are  no  derived  fragments  of  the  granite 
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in  any  of  the  surrounding  formations.  Crushes  and  faults  in  it 
are  not  so  numerous  as  one  would  expect  in  a  very  old  rock,  and 
the  dykes  are  similar  to  those  in  the  Newer  Bed  strata,  with  the 
exception  of  those  of  jSne-grained  granite.  Everything,  there- 
fore, points  to  a  comparatively  recent  date  for  its  origin. 

South  of  the  String  Road  occurs  the  intrusive  complex  re- 
ferred to  in  the  section  on  the  Old  Red  Sandstone.  It  is  of  an 
oval  form,  about  4  miles  by  3,  and  has  yet  been  but  partly 
mapped.  Sufficient  is  known  of  it,  however,  to  make  it  one  of  the 
most  interesting  parts  of  the  island.  Granophyre,  passing  into 
granite,  occupies  the  south  side  of  Gleaun  an't  Suidhe,  near  the 
String  Road,  and  all  the  highest  ground  south  of  it,  from  Cnoc 
Dnbh  by  A'Chruach  and  Beinn  Bhreac,  round  to  beyond  Bally- 
michael  Glen ;  is  continued  along  the  east  side  of  Ard  Bheinn, 
and  takes  up  a  great  part  of  Glen  Craigag.  The  so-called 
Ploverfield  granite  is  a  part  of  this  area.  A  smaller  area  runs 
westwards  from  Glenloig,  ^hich  includes  the  Creag  Dhubh 
granite  of  Bryce.  The  rock  varies  a  good  deal  towards  a  rather 
course  binary  granite,  with  little  mica  on  one  side ;  and  on  the 
other  (by  losing  much  of  the  quartz  and  becoming  rich  in  horn- 
blende) it  becomes  the  syenite  of  old  authors.  Also,  near  the 
edge,  it  sometimes  passes  into  a  rock  that  may  be  called  either  a 
felsite  or  quartz  porphyry.  There  seems  no  sharp  line  between 
the  different  varieties,  and  there  are  several  other  places  besides 
the  two  mentioned  where  the  rock  may  be  called  a  granite.  One 
small  area  of  this  kind,  quite  detached  from  the  rest,  lies  a  little 
north  of  Dereneneach,  close  to  the  road,  and  is  low  ground. 

At  the  head  of  Glen  Dubh  (upper  part  of  Glen  Cloy)  there  is 
a  mass  of  diorite  about  one  mile  long  by  half  a  mile  broad,  and 
there  are  some  others  about  the  rugged  hill  of  Ard  Bheinn, 
where  a  quartz  diorite  was  noticed  and  described  by  Prof. 
Zirkel  twenty -five  years  ago.  There  is  clear  evidence  that  the 
diorite  is  older  than  the  granophyre  and  gianite,  as  it  is  pene- 
trated by  these  in  veins  and  sills.  Now  the  diorite  of  Glen 
Dubh  must  be  of  later  date  than  the  Newer  Red  Rocks,  as  it 
alters  them,  and  the  granophyre,  being  intrusive  in  the  diorite 
is  of  still  later  date. 

To  the  east  of  Glenloig  are  found  three  or  four  masses  of 
gabbro,one  of  which  forms  Creag  nam  Mult,  and  here  the  basic 
rock  is  penetrated  by  a  granophyric  mass,  just  as  are  the  gab- 
bros  of  Skye.  From  the  resemblance  these  rocks  bear  to  those 
of  Skye,  and  from  the  fact  that  they  are  newer  than  all  the 
sedimentary  rocks  of  the  island,  it  seems  fair  to  infer  they  are 
of  the  same  age  as  those  of  Skye — viz.,  Tertiary.^  Both  acid 
and  basic  rocks  are  pierced  by  the  ordinary  basalt  dykes. 

*  A  similar  train  of  reasoning  favours  the  view  that  the  main  mass  of  granite 
in  the  north  of  the  island  is  Tertiary  also. 
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Of  other  intrusive  masses,  the  Windmill  Hill  quartz  fekite 
is  perhaps  the  best  known.  It  is  generally  a  fine-grained  grey 
Tock  with  small  free  quartzes,  and  only  here  and  there  is  more 
largely  porphyritic.  It  does  not  seem  to  be  pierced  by  any 
dykes  of  quartz  porphyry,  though  there  are  several  coarsely 
porphyritic  dykes  seen  in  the  stream  below,  which  might  be 
expected  to  appear  in  it,  and  it  would  therefore  seem  not  to  be 
of  earlier  date  than  these  dykes.  It  is  crossed,  however,  by 
several  faults  and  crushes  which  are  of  older  date  than  the 
basalt  dykes  which  penetrate  it.  It  is  probable,  notwithstand- 
ing, that  all  these  intrusions  belong  to  the  Tertiary  period, 
and  also  all  the  other  intrusive  rocks  of  the  southern  part  of  the 
island. 

But  there  are  one  or  two  igneous  masses  which  may  be  muclj 
older.  A  broad  basic  dyke  50  yards  wide,  ranging  E.N.E  on 
the  south  side  of  Glen  Sannox,  is  confined  to  the  Lower  Old  Eed 
Formation.  It  is  shifted  a  long  distance  by  one  of  the  north  and 
south  faults,  and  though  traceable  for  half  a  mile,  does  not  seem 
to  penetrate  the  granite  on  one  side  or  the  Upper  Old  Eed 
Eocks  on  the  other.  In  Glen  Eosie,  on  the  south  side,  is  an 
intrusive  rock,  apparently  of  an  intermediate  type,  which  occurs 
as  a  sill  in  the  Old  Eed  Sandstone.  It  can  be  followed  S.W. 
for  about  a  mile,  with  an  average  breadth  of  100  yards, 
forming  the  liills  Torr  Breac  and  Torr  Dubh.  The  adjoining 
rocks  in  the  Eosie  Bum  are  much  altered.  It  is  a  brown  or 
grey  rock,  often  fine-grained  in  character. 

In  Cnocan  Bum,  just  below  the  old  mill  dam,  is  found  a 
section  which  has  an  important  bearing  on  the  age  of  the 
granite  mass.  It  seems  to  have  been  first  described  by  Bryce. 
A  basalt  dyke  is  penetrated  by  a  vein  presumably  an  injection 
from  the  granite,  the  boundary  of  which  is  not  far  off*;  and  if 
this  is  one  of  the  ordinary  basalt  dykes  of  Tertiary  age,  and  the 
acid  vein  is  an  offshoot  of  the  granite,  the  Tertiary  age  of  the 
gianite  is  determined. 
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XLL — The  Greensand  Fossils  from  Drift-Beds  at  Moreseaiy, 
Crvdeny  E,  Aberdeenshire^  with  Exhibition  of  Specimens 
Collected.  By  David  J.  Mitchell,  Schoolhouse,  Bum- 
haven,  Peterhead. 

(Read  15th  April  1897.) 

The  estate  of  Moreseat  is  situated  in  the  parish  of  Cruden,  in 
the  district  of  Buchan,  East  Aberdeenshire.  It  is  about  500 
feet  above  sea-level,  and  five  miles  west  of  Buchan  Ness. 

The  existence  of  the  Greensand  deposit  there  was  known  in 
the  early  part  of  the  present  century.  Dr  Ferguson  of  Kin- 
mundy  says : "  The  fact  of  its  existence  was  first  communicated  by 
the  late  Dr  Knight  of  Marischal  College,  Aberdeen,  to  the  late 
Dr  Thomson  of  Glasgow  College."  The  late  lamented  Hugh 
Miller,  in  his  "  Sketch-book  of  Geology,"  page  113,  also  mentions 
the  Greensand  formation. 

It  is  part  of  an  extensive  Cretaceous  deposit  in  Cruden  and 
iu  the  adjoining  parish  of  Slains. 

The  deposit  in  Slains,  which  was  examined  by  Dr  Jamieson,. 
Waterton,  Ellon,  has,  on  the  authority  of  Mr  Searles  "Wood,  been 
relegated  to  the  "  Crag." 

The  Greensand  formation  was  more  fully  brought  to  light 
under  the  following  circumstances.  The  late  Mr  Johnstone, 
proprietor  of  Moreseat,  made  an  excavation  at  his  farm-steading 
tor  the  purpose  of  putting  in  a  water-wheel  to  drive  a  new 
thrashing-mill. 

In  the  material  excavated,  pieces  of  fine  light-coloured  sand- 
stone (a  most  uncommon  rock  iii  the  district)  were  found. 
These  sandstone  fragments,  on  closer  examination,  revealed  the 
presence  in  them  of  fossil-shells. 

This  deposit  was  examined  by  the  late  Dr  Longmuir,  Aber- 
deen, who  wrote  a  paper  on  the  subject. 

The  Greensand  rock  has  been  aptly  described  as  consisting  of 
"  Calcareous  sand,  visibly  stratified,  of  grayish  hue  and  contain- 
ing comminuted  shells." 

One  of  the  fossil  specimens  got  in  the  rock  from  the  water- 
wheel  excavation  was  the  cast  of  a  large  Ammonite.  The 
(Jreensand  bed  was  foimd  about  9  feet  below  the  surface  of  the 
soil.  Dr  Ferguson  of  Kinmundy  knew  of  the  Greensand  at 
Moreseat,  through  having  noted  its  existence  while  attending 
lectures  at  college.     Before  he  began  his  investigations,  the  bed 


Digitized  by  VjOOQIC 


278  EDINBURGH   GEOLOGICAL  SOCIETY. 

Above  mentioned  was  beyond  recich,  as  the  water-wheel  had  been 
.  put  in  and  the  hole  filled  up.  The  spare  excavated  material 
was  utilised  for  the  purpose  of  top-dressing  and  levelling  some 
^f  the  fields  on  the  farm. 

Dr  Ferguson  found  the  most  of  his  specimens  in  a  ditch, 
while  it  was  being  made  for  the  purpose  of  fencing  a  newly  re- 
claimed field.  This  ditch  was  about  400  yards  north-east  from  the 
farm-steading.  He  examined  it  about  the  year  1850.  He  got 
the  Greensand  beds  at  about  from  1  to  3  feet  below  the  surface. 
The  deposit  extended  for  fully  100  yards.  He  had  an  excava- 
tion of  about  7  feet  deep  made.  The  section  of  this,  as  described 
by  Dr  Ferguson,^  "  presented  irregular  layers  of  unctuous  clay 
of  a  dark-brown  colour  and  soapy  feel,  and  so  tough  and 
adhesive  as  to  render  it  a  work  of  considerable  difficulty  to  dig 
it  out.  Interstratified  with  this  clay  were  thin  layers  of  a  com- 
pact sandstone.  These  layers  of  sandstone  were  not  continuous. 
They  graduated  into  each  other,  thinned  out,  disappeared,  and 
reappeared  most  confusedly.  They  were  very  much  inclined, 
dipping  towards  the  south.  The  whole  mass  had  the  appear- 
lance  of  having  been  drifted,  although  from  the  nature  of  the 
matrix  and  the  state  of  preservation  in  which  the  shells  were 
found,  it  does  not  appear  as  if  it  could  have  been  transported 
far.  The  sandstone  is  tough  and  soft  when  newly  dug,  but 
hardens  on,  exposure  to  the  air,  and  becomes  light-coloured  in 
drying.  When  wet  it  presents  a  mottled  appearance,  the  colour 
being  greenish  ;  when  dry  this  almost  disappears.  The  exterior 
surfaces  were  often  quite  reddened  with  iron.  Many  of  the 
remains  are  casts  and  are  on  the  outer  surface  of  the  fragments 
of  sandstone,  as  well  as  in  the  interior  of  the  masses.  Of  the 
remains  themselves  flattened  spatangi  are  most  abundant"  Dr 
Ferguson  sent  his  collection  of  specimens  to  Jermyn  Street  for 
examination,  and  the  best  of  them  are  at  present  in  the  Musemn 
of  Practical  Geology. 

The  experts,  Messrs  Salter  and  Baily,  examined  and  identi- 
tfiad  the  specimens.  Their  opinion  was  that  the  species  repre- 
sented, indicated  the  rock  was  of  the  Upper  Greensand  Age,  and 
that  it  was  a  drifted  deposit. 

Some  of  the  species  were  new.  One  was  named  Cyprina 
Fergusoni,  in  honour  of  the  finder,  Dr  Ferguson.  Mr  Salter 
wrote  a  paper  on  the  fossils,  describing  them  and  giving  reasons 
for  his  conclusions.  It  appeared  in  the  Quarterly  Journal  of 
the  Geological  Society,  vol.  xiii. 

He  based  his  conclusions  as  to  the  age  of  the  rock  (vix., 
Upi)er  Greensand)  on  the  occurrence  in  it  of  such  fossils  as 

^  Paper  by  Dr  F«»rgu3oii  on  "  Chalk-flints  and  Greensand,"  voL  iii  pt.  2, 
'.Transactions  of  B  .ichan  Field  Club. 


Digitized  by  VjOOQIC 


GREENSAND  FOSSILS  FROM  DRIFT-BEDS  AT  MORESEAT,  CRUDEN.  279 

Gakrites  castanea.  Area  carincUa,  Pinna  tetragona,  and  espe- 
cially of  Thetis  major. 

He  regarded  the  discovery  as  most  important  and  further 
said :  "  There  are  many  points  of  interest  connected  with  the 
former  extension  of  Cretaceous  rocks  from  Sweden  over  the 
northern  part  of  Britain  which  must  receive  illustration  by  the 
recording  of  such  facts  as  those."  In  a  note  appended  to  Mr 
Salter's  paper  Dr  Ferguson  gives  it  as  his  impression  that  the 
deposit  is  not  in  situ  but  drifted,  but  that  it  could  not  have 
come  far. 

Mr  Salter  questions  the  possibility  of  the  soft  sandstone  with- 
standing drifting,  had  it  been  from  any  of  the  known  similar 
deposits  in  England  (the  farthest  north  of  these  being  in  Cam- 
bridgeshire). He  thinks  rather  that  it  must  have  come  from 
some  place  in  the  vicinity  of  its  present  situation.  About  two 
years  ago  Dr  Ferguson,  in  his  retiring  address  as  president  of 
the  Buchan  Field  Club,  described  his  experiences  and  work. 
Thereafter  I  visited  Moreseat  with  some  other  gentlemen  in 
quest  of  the  interesting  deposit.  My  interest  in  it  was  aroused 
when,  in  a  concluding  paragraph  of  his  paper,  Dr  Ferguson  said : 
"I  am  not  aware  that  any  new  facts  have  been  ehcited  as 
r^rds  the  topics  (Chalk  and  Greensand)  which  have  been  our 
subject  to-night,  and  I  feel  that  the  question  altogether  is  one 
involved  in  considerable  darkness,  and  that  it  is  vain  to  attempt 
generalisation  upon  it,  till  the  local  geology  has  been  far  more 
accurately  examined  and  determined.  It  is  a  matter  well  worth 
the  while  of  the  members  of  your  club  to  investigate." 

The  deposit  had  been  practically  untouched  since  Dr  Ferguson 
had  worked  at  it. 

All  the  excavations  previously  made,  from  which  specimens 
had  been  got,  were  unavailable,  as  they  had  been  filled  up. 

The  first  find  was  a  small  fragment  of  Greensand,  which  was 
picked  up  on  the  edge  of  a  ditch,  about  400  yards  north-west  of 
the  farm-steading,  and  about  500  feet  above  sea-level.  The 
ditch  had  been  previously  cleaned,  and  the  Greensand  thrown 
out  Having  been  left  for  a  considerable  time  exposed  to  the 
influence  of  the  atmosphere  it  was  quite  dry  and  brittle,  and 
broke  quite  easily.     In  it  was  found  a  small  bivalve  fossil. 

A  little  to  the  north,  and  at  a  greater  elevation,  an  extensive 
deposit  of  fine  sand  similar  to  that  found  commonly  on  the  sea- 
shore, is  to  be  seen.     This  is  most  likely  an  old  sea-beach. 

Where  the  Greensand  was  picked  up  an  excavation  was  made 
in  the  bottom  of  the  ditch,  which  here  was  about  3  feet  deep. 

The  same  order  of  things  as  described  by  Dr  Ferguson  was 
discovered.  There  was  the  same  dark  brown  soapy  clay.  Mixed 
up  with  this  clay  were  numerous  nodules  of  Greensand,  appar- 
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ently  drifted,  as  they  were  much  worn  and  rounded.  The 
pieces  of  rock  found,  were  carefully  broken  and  examined  for 
fossil  remains  with  some  success. 

Enough  was  seen  to  justify  a  speedy  return  visit  for  farther 
examination  and  discovery. 

This  excavation  was  frequently  revisited,  enlarged,  and 
deepened.  It  proved  to  be  the  most  important  of  the  several 
sinkings  made,  both  as  regards  the  quantity  of  Greensand  and 
its  richness  in  fossils. 

The  section  presented  various .  aspects.  Near  the  top  there 
were  the  much  worn  and  rounded  pieces  of  Greensand  mixeil 
with  the  clay.  These  soon  disappeared,  giving  place  to  layers 
of  the  rock,  which  at  first  appeared  to  be  solid  masses  separated 
by  clay.  The  layers,  however,  on  examination,  were  found  to 
be  in  a  very  shattered  condition,  which  only  became  apparent 
when  they  were  handled.  They  were  at  various  angles,  but  the 
general  dip  was  towards  south-east.  They  all  gradually  thinned 
out  and  disappeared.  The  presence  of  pebbles  of  quartzite  and 
granite  was  noticed  for  some  time,  but  at  the  lower  part  of  the 
excavation  they  had  disappeared,  although  the  Greensand  layere 
and  the  clay  continued  right  to  the  bottom.  The  depth  reached 
would  be  about  9  feet  below  the  surface  of  the  surrounding 
fields.  The  lowest  shattered  layers  were  extremely  rich  in 
fossils.  It  was  necessary  to  exercise  considerable  care  in  re- 
moving the  broken  pieces  from  the  layers,  as  very  often  casts 
of  shells  and  spatangi  were  got  between  the  fragments,  lying 
quite  loosely.  These  undoubtedly  would  liave  been  lost  if  a 
spade  had  been  roughly  or  carelessly  used.  Instead,  the  clay 
surrounding  the  layers  was  removed  with  an  old  knife,  and  the 
pieces  of  rock  and  fossils  carefully  laid  aside.  Some  of  the  l^est 
fossils  found  were  lying  loosely  between  the  shattered  fragments. 
In  fact,  the  lines  of  fracture  in  the  rock  generally  occuned 
where  there  were  fossils.  The  excavated  rock  was  next  washed 
to  get  rid  of  the  adhesive  clay.  It  was  then  allowed  to  drj'^  for 
some  time,  and  was  in  consequence  more  easily  broken  for 
minute  inspection.  Each  bit  of  any  size  was  split  carefully  and 
examined  for  fossils.  The  results  were  sometimes  very  dis- 
couraging. The  largest  pieces  were  not  always  most  productive 
of  specimens,  and  contiguous  masses  were  often  very  dissimilar 
in  their  yield  of  fossils.  Generally  the  rock  was  easy  Uy 
manipulate,  being  soft  and  fragile  while  wet,  and  free  and 
crumbly  when  dried. 

About  twenty  yards  farther  north  up  the  same  ditch  another 
hole  was  dug,  which  yielded  similar  results.  The  digging  here 
was  a  work  of  considerable  difficulty,  and  the  place  was  in 
consequence  abandoned. 
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Some  fragments  of  Greensaud  were  one  day  picked  up  on 
the  edge  of  another  ditch,  alongside  the  accommodation  road 
which  runs  westward  over  the  fann.  This  spot  was  south-east 
of  the  first  excavation.  A  hole  was  dug  in  the  bottom  of  the 
ditch.  Here  the  Greensand  had  every  appearance  of  solid  rock, 
but  like  that  in  the  first  excavation  it  was  much  shattered, 
although  the  fragments  in  this  case  were  considerably  larger. 
The  rock  layers  dipped  at  an  angle  of  30*  under  the  road, 
whither  they  could  not  be  followed.  The  yield  of  fossils  was 
poor.  Most  of  the  pieces  of  rock  were  almost  destitute  of 
remains,  and  were  harder  and  closer-grained  than  in  the  former 
pits.  The  large  masses  were  quite  angular,  shewing  few  signs 
of  tear  and  wear  from  drifting,  and  apparently  they  could  not 
have  been  carried  far. 

Several  other  holes  were  dug  at  random  in  the  fields  north 
of  the  mill-pond  on  the  farm,  and  numerous  specimens  of  the 
ixx»k  were  met  with,  generally  at  no  great  depth  under  the 
surface,  showing  the  deposit  extends  over  a  considerable 
area.  Many  pieces  were  got  along  the  sides  of  other  ditches  in 
the  fields. 

The  last  important  excavation  from  which  some  of  these 
specimens  were  obtained,  was  in  the  bottom  of  the  mill-pond. 
Here  a  hole  about  5  feet  square  and  4^  feet  deep  was  formed. 
A  yellowish  clay  of  a  most  tenacious  character  was  first 
encountered.  It  was  exceedingly  difficult  to  dig.  Under  it  the 
dark-brown  greasy-looking  clay  already  referred  to  was  again 
met  with.  The  Greensand  pieces  got  here  were,  in  the  upper 
part  of  the  section,  quite  red  with  rust,  and  in  the  lower  part  of 
it,  quite  black.  When  washed  and  dried,  they  were  found  to  be 
as  hard  as  iron,  and  hardly  breakable.  Worst  of  all,  they  were 
poor  in  their  yield  of  f ossUs. 

These  several  excavations  were  the  result  of  oft-repeated  visits 
and  much  toilsome  digging. 

A  thorough  examination  of  the  surface  of  the  higher  grounds 
to  the  N.,  N.W.,  and  W.  went  to  show  that  no  Greensand  frag- 
ments were  visible  in  these  quarters  as  there  were  farther  to 
the  south. 

The  rock  examined  by  me  yielded  fully  400  specimens  of 
fossil  remains,  in  the  form  of  casts  or  impressions.  That 
examined  by  Mr  Insch,  of  Peterhead,  produced  similar  results. 

My  collection  of  fossils  was  first  submitted  to  Professor 
Nicholson,  of  Aberdeen  University,  with  a  view  to  their  identi- 
fication. He  advised  me  to  have  them  examined  by  an  expert 
in  Mesozoic  Palaeontology.  Through  the  kind  offices  of  Dr 
Milne,  King  Edward,  and  of  Professor  Judd,  my  collection  and 
that  of  Mr  Insch,  Peterhead,  were,  with  the  consent  of  Sir 
VOL.  VII.  PART  ni.  T 
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Archibald  Geikie,  examined  by  Messrs  Shaniian  and  Newton, 
experts  in  the  Aluseum  of  Practical  Geology,  Jermyn  Street, 
London.  The  result  of  their  painstaking  labour  has  been 
embodied  in  a  most  interesting  note,  which  was  published  in 
the  Geological  Magazine,  in  June  last  year. 

Their  conclusions  are  most  gratifying  to  the  recent  investiga- 
tors, in  so  much  that  they  indicate  that  our  labour  has  been 
not  altogether  in  vain. 

As  has  already  been  mentioned,  Mr  Salter  concluded  from 
what  he  found  in  Dr  Ferguson's  collection  that  the  deposit 
therein  represented  was  a  rock  of  Upper  Greensand  Age. 

Messrs  Sharman  and  Newton  say :  "  The  specimens  sent  are 
all  in  the  condition  of  internal  and  external  moulds,  in  a  light- 
coloured,  fine-grained  sandstone,  and  although  slight  differences 
may  be  noticed  in  different  pieces  of  the  rock,  they  are  all  so 
similar  that  one  can  scarcely  question  their  having  been  origin- 
ally derived  from  the  same  bed.  Notwithstanding  this,  the 
fossils  clearly  indicate  vwre  than  one  horizon.'' 

They  next  notice  the  similarity  of  the  recent  specimens  to 
those  of  Dr  Ferguson  ni  the  Museum  of  Practical  Geologj'  in 
London. 

After  a  scientific  description  of  the  fossils,  in  the  concluding 
paragraph  of  their  papei-,  they  say  :  "  While  the  Echinocyphus 
(lifficilis,  Micrahacia  coronula,  Galerites  castanea,  and  Fedunculus 
umbonatvs,  indicate  an  Upper  Greensand  fauna,  the  Ammonii^s 
GrioceraSy  Trochxis  pulcJierrimuSy  Astarte-striato-costata,  Trigonia 
vectianay  Cardium  Raulinianum,  Area  Baulini,  Plicata  pla- 
cunea,  and  Lima  Dupiniana,  point  even  more  strongly  to  a 
Lower  Greensand  Age." 

"  It  would  seem,  therefore,  that  the  faunas  which  in  the  South 
mark  the  distinct  horizons  of  Lower  Greensand,  Gault,  and 
Upper  Greensand  are,  here  in  Aberdeenshire,  included  in  one 
bed  of  nearly  uniform  character  throughout  However  that 
may  prove  to  be,  it  is  clear  that  these  Drift  Specimens  have  been 
derived  from  beds  where  a  large  part  of  the  Cretaceous  series 
of  strata  occurs,  not  only  Upper  and  Lower  Chalk,  and  Upper 
Greensand,  as  pointed  out  by  Salter,  but  also  beds  of  Lower 
Greensand  or  Speeton  Clay  Age." 

"  What  relation  these  beds  may  have  to  the  Lower  Cretaceous 
of  Sweden,  or  to  the  Neocomians  of  Heligoland  and  North 
Germany,  which  are  now  occupying  the  attention  of  Dr  Danes 
and  Professor  von  Konen,  it  will  be  of  interest  to  know ;  but 
this  must  await  future  investigation." 

By  these  recently  identified  fossils  the  district  of  Buclian  is 
now  proved  to  possess  a  more  complete  series  of  Cretaceous 
horizons  than  was  formerly  known  to  be  the  case. 
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The  work  of  investigation  is  still  going  on,  and  we  are  hope* 
fill  that  ere  long,  with  more  complete  information,  a  satisfactory 
solution  of  this  most  interesting  geological  problem  will  be 
arrived  at 

Two  years  ago  the  British  Association  gave  a  grant  of  £10  to 
a  committee,  consisting  of  Dr  Jamieson,  Ellon  (chairman) ;  Mr 
A.  Jukes  Brown,  London ;  and  Dr  Milne,  King  Edward  (secre- 
tary), to  help  to  determine  the  age  of  certain  rocks  belonging  to 
the  Cretaceous  c^  at  Moreseat,  Aberdeenshire. 

The  work  was  delegated  to  Mr  Tocher,  secretary  of  the 
Buchan  Field  Club,  and  myself.  In  the  spring  of  last  year 
the  money  was  expended  in  sinking  a  shaft  6  feet  in  diameter 
through  the  deposit.  The  depth  of  the  excavation  is  30  feet, 
and  it  is  slightly  to  the  north  of  our  first  excavation  in  the 
ditch  and  at  a  higher  elevation. 

It  was  hoped  that  the  rock  might  be  found  in  sUu,  but  the 
result  has  been  quite  otherwise. 

The  shaft  passes  through  clay  all  the  way  down.  Greensand 
fragments  and  then  layers  are  abundant  near  the  top,  but 
gradually  get  fewer  and  finally  disappear  altogether  as  the  ex- 
cavation increases  in  depth. 

The  fossils  found  in  the  Gi-eensand  from  this  excavation  are 
in  the  hands  of  Mr  A.  Jukes  Brown,  who  has  not  yet  reported  on 
them,  but  doubtless  something  interesting  will  result. 

The  full  report  of  the  work  of  the  committee  as  carried 
out  by  us  will  be  read  at  the  next  meeting  of  the  British 
Association. 

The  excavation,  I  think,  seems  to  prove  that  the  Moreseat 
Greensand  deposit  is  a  drift  and  not  rock  in  situ. 

If  that  be  so,  how  came  these  beds,  and  whence  ? 

I  am  afraid  that  we  can  only  theorise  on  that  question. 

Various  ideas  strike  one.  The  bed  might  be  the  result  of 
drift  from  some  deposit  in  the  vicinity,  but  no  such  formation  is 
known  to  exist. 

It  might  have  been  drifted  from  the  basin  of  the  Moray  Firth, 
the  western  and  southern  shores  of  which  shew  evidence  of  an 
older  series  of  rocks  than  Greensand.  There  are  evidences  in 
(hift  rocks  at  and  around  Moreseat  that  the  ice-drift  passed 
thither  from  the  Moray  Fiith  districts. 

There  is  a  great  probability  that  the  western  drift  of  ice  over 
Northern  Europe  brought  the  deposit  in  question  with  it  from 
beds  (cretaceous)  in  situ  somewhere  out  in  the  North  Sea, 
towards  the  east  of  Moreseat.  These  beds  (?)  might  be  a  pro- 
longation towards  the  west  of  the  Cretaceous  series  in  Scan- 
dinavia and  Western  Europe.  That  this  theory  is  the  correct  one 
might  be  proved  from  the  fact  of  the  existence  of  the  Crag 
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deposit  in  Slains,  which  is  farther  to  the  south  than  Moieseat, 
and  more  distant  from  the  Moray  Firth  basin. 

It  is  hoped  that  the  Fellows  of  the  Edinburgh  Geological 
Society  may  be  able  to  prove  to  their  satisfaction  which  of  the 
hypotheses  advanced  is  the  correct  explanation  of  the  presence 
here,  in  Aberdeenshire,  a  district  where  granite  is  the  prevailing 
rock,  of  the  interesting  Cretaceous  drift  deposit  which  has  been 
the  subject  of  this  paper. 

The  following  list  of  fossils  found  at  Moreseat  was  compiled 
by  Messrs  Sharman  and  Newton,  and  appears  in  their  paper  in 
the  Geological  Magazine  of  June  last,  which  see  for  the  scientific 
description  of  the  fossils. 


MESSRS  8HARMAN  AND  NEWTON'S   LIST  OF  FOSSILS  (CRETACEOUS) 
FROM  MOBESEAT,  ABERDEEN,  SHOWING  RANGE  OF  THE  SPECIES. 


il 


3  5  I  ^  o 

II  til 


14 


M. 
M. 


M. 
M. 
M. 


M. 
M. 

M. 
M. 
M. 
M. 
M. 
M. 
M. 


F. 


F. 


CceletUerata. 
Micrabada  ooronula,  Croldf . . 

Eckinodermata. 
Ananchytes  (Holaster), 

Diadema, 

Diflcoidea, 

Galerites  (Eohinoconus)  caatanea, 
EnaUister  (Toxaster)  Scoticus,  Salt, 
Echinocyphus  difficilis,  A^. 


Serpula, 


Atinelida. 


Polyzoa. 


Entalophora? 

Brackiopod4i» 
RhynchoneUa  compreasa,  Lam.  (?dimidiata), 
Rhynchonella  sulcata,  Park, 

Terebratula, 

Waldheimia  hippopus,  mr  Tilbyensis,  Dav., 

Lamdliinunckiata, 
Area  RauJini  ?  D'Orb.,  .        .        .        . 

Astarte  (Venus)  Striato-oostata,  Forbes, 

Avicula  Simulata,  Baily 

Crasatella  (probably), 

Cardium  Raulinianum.  D'Orb. ,    . 
Corbula,        ....... 

CucuUeea  carinataj  Sow 

Cyprina  Perguaom,  Salt,       .... 
Exogyrat      


X  ;  ? 

X 
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MESSRS  SHARMAN  AND  NEWTON'S  LIST  OF  FOSSILS — continued. 


*5 

^1 

7K% 
0 

««  I 


«ii 


M.  i 

M. 

M. 

M. 

V 

M. 
H. 
M. 


M. 

M. 
M. 
M. 


U. 


M. 

iJ 

SL 

M. 

L 

M. 

L 

I. 

M. 

I. 

Lamellibranekiata — {caniinved). 
Gerrillia  (near  to  rostrata  ?)  .        .        . 

,,        solenoides,  Defr.,    .... 

Gonioroya,  sp., 

Inoceramus, .        , 

Lima  Dupiniana,  D'Orb. ..... 

,,    aemisculata,  Sow. ,       .        .        .        . 

„    (near  to  abrupta) 

Limopeis  tezturata,  Salt.,    .        .        .        . 

Lacina?8p., 

Nuoula, 

Ostrea? 

Panopoea, 

Peoten  orbicularis,  Sow.,      .... 
F.    '       „      (probably  the  P.  corneas  of  Nils,  not 

'       of  Sow.) 

F.    I   Pectunoulus  umbonatus,  Sow 

F.    '   Pinna  tetragona,  Sow 

Plicatulaplacunea,  Lam.,    .        .        .        . 

i   Spond^lus, 

I  iSrigonia  vectiana,  Lyo 

j  OasUropoda. 

Actseon 

I   Cerithiumaculeatum.  Forbes  MS., 

Pharianella  jnear  to  eroyna),  D'Orb.    . 
I   Trochus  (puloherrimus),  Phil. ,     .        .        . 
F.  .,    (small  elongated  form)  [?pulcherrimus], 

I   Trochus  (conical  species) 

F.    ,   Dentalium  ccelatum.  Baily 

'   Ammonites  Mortifieti,  P.  and  De  Lor. , 

,,  Speetonensis  {qf.  Payeri,  Pav.) . 

F.    '  ,.         Selliguinus,  Brong.  ?  . 

I   Belemnitee, 

Crioceras  Duvalii  ?,  Lev 
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XLII. — Obituary  Notice  0/ James  Melvin,  F.S.A.ScoL,  formerly 
a  Vice-PresiderU  of  the  Society,  By  Ealph  Richardson, 
r.R.S.K,  F.S.A.Scot. 

(Read  29th  Aprill897.) 

In  complying  with  the  Council's  request  that  I  should  contribute 
an  Obituary  Notice  of  Mr  Melvin,  I  undertake  a  task  which  I 
approach  with  all  the  sympathy,  respect,  and  esteem  felt  for  one 
whose  acquaintance  I  prized,  and  with  whom  I  worked  happily 
in  various  fields.  When  I  first  knew  Mr  Melvin  he  was  tenant 
of  the  farm  of  Bennington  Mains,  near  Ratho,  Midlothian,  and 
one  of  the  leading  agriculturists  of  Scotland.  He  was  a  Director 
of  the  Highland  and  Agricultural  Society  of  Scotland,  and  after- 
wards President  of  the  Scottish  Chamber  of  Agriculture.  He 
had  been  employed  by  one  of  the  greatest  land  companies  in 
the  world,  the  New  Zealand  and  Australian  Land  Company, 
Limited,  to  value  and  secure  landed  estate  in  Australasia,  and  he 
became  one  of  its  principal  directors  in  Edinburgh.  The  name 
**  Melvin  of  Bennington  "  was  a  household  word  among  Scottish 
agriculturists,  and  he  was  recognised  as  one  of  the  foremost  and 
best  representatives  of  the  farming  interest  in  Scotland. 

Mr  Melvin  was  bom  at  Eatho  Mains,  his  father's  farm,  in 
1817.  Possessed  of  extraordinary  eneigy  and  a  penetrating 
intelligence,  of  a  vigorous  constitution  and  most  agreeable 
manners,  it  is  not  surprising  that  he  made  his  way  in  everything 
that  he  attempted.  A  great  traveller,  he  invigorated  Old  World 
notions  by  an  application  to  them  of  those  obtained  in  the  New. 
A  fearless  enquirer,  he  visited  every  scene  of  interest  he  could 
reach ;  and  he  once  confessed  to  me,  with  a  sigh,  that  he  had 
missed  by  half  an  hour  witnessing  the  great  earthquake  of  Ischia 
in  1883.  When  we  reflect  that  by  that  catastrophe  four  or  five 
thousand  persons  lost  their  lives,  we  can  only  rejoice  that  our 
friend  did  not  share  the  fate  of  Pliny  the  elder,  who  allowed 
scientific  zeal  to  outrun  common  prudence. 

Mr  Melvin's  contributions  to  the  Transactions  of  our  Society 
are  remarkable,  both  for  their  importance  and  for  the  proof  they 
furnish  that  a  busy  man  can  find  time  for  anything.  He  was  s<» 
accustomed  to  rapid  thinking  and  acting  that  he  accomplished 
with  ease  what  would  have  been  a  burden  to  a  rusty  mind. 

I  find  Mr  Melvin's  first  contribution  to  our  Society  so  far 
back  as  20th  February  1868,  when  he  read  a  paper  "  On  the 
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Causes  which  seem  to  have  led  to  the  Extinction  of  the  New 
Zealand  Moa "  (Transactions,  vol.  i.  p.  150).  Mr  Melvin  had 
returned,  as  he  says,  from  "  travelling  over  the  hilly  dales  and 
through  the  bush  of  the  middle  island  of  New  Zealand,"  and  he 
had  seen,  "  whilst  riding  along  the  banks  of  a  stream,  or  where 
some  cutting  of  the  surface  had  been  made  by  a  rush  of  water, 
or  for  roads  or  water  races,"  portions  of  bones  of  the  Moa  or 
Dinamis  ("  wonderful  bird  "),  species  of  which  attained  14  feet 
in  height  The  extinction  of  the  Moa  he  attributes  partly  to 
great  change^  in  the  v^etable  growths,  partly  to  frequent  fires, 
and  partly  to  the  reckless  destruction  of  eggs  and  young  and 
old  birds  by  the  Maoris. 

Mr  Melvin's  next  contribution  was  a  paper  read  to  our 
Society  on  15th  March  1 877,  "  On  the  Nature  and  Origin  of  the 
Surface  or  Vegetable  Soil,  and  its  Influence  on  Geological  Pheno- 
mena." In  this  paper  {Tranmctions,  voL  iii.  p.  124)  he  men- 
tioned that  in  1638  Dr  Lister  asked  the  Eoyal  Society  of  London 
to  prepare  a  map  of  the  soils  of  England,  a  task  still  unaccom- 
plished. He  pointed  out,  however,  that  in  France  this  had  been 
successfully  attempted  by  M.  Achille  Delesse,  Professor  of 
Geology  at  the  Normal  School  of  Agriculture  and  Mines,  Paris. 
Mr  Melvin  then  carefidly  reviewed  the  soils  of  various  countries, 
and  the  theories  of  Hutton  and  Playfair. 

Fired  by  Mr  Melvin's  exposition,  I  visited  Paris  in  1877, 
and  calling  on  Delesse,  then  Ing(5nieur  en  chef  des  Mines,  he 
showed  me  his  celebrated  "  Carte  Agricole  de  la  France,"  in 
which  all  France  is  mapped  according  to  its  agricultural  value. 
As  I  then  resided  in,  and  knew  well,  the  western  district  of 
Midlothian,  I  resolved  to  attempt  to  construct  a  similar  agiicul- 
tural  map  of  that  county,  provided  I  could  secure  the  assistance 
of  some  experienced  Midlothian  agriculturist  like  Mr  Melvin, 
whom  I  frequently  had  the  opportunity  of  seeing,  as  he  was  a 
vice-president  and  I  was  then  hon.  secretary  of  our  society. 
With  his  usual  urbanity  Mr  Melvin  consented  to  aid  me,  and 
on  its  completion,  with  his  co-operation,  my  Agricultural  Map 
of  the  County  of  Edinburgh  was  published  in  1878,  with  an 
Essay  on  the  Geology,  Agriculture,  and  Meteorology  of  Mid- 
lothian, dedicated  to  Professor  Achille  Delesse. 

Mr  Melvin's  next  contribution  to  our  Society's  Transactions 
(vol.  iii.  p.  326)  is  a  paper  "  On  the  Evidence  the  Vegetable 
Soil  supplies  as  to  Geological  Time,"  read  15th  April  1880.  He 
expresses  his  conviction,  **  from  close  observations  of  the  surface 
coverings  of  the  strata  in  this  country  and  in  several  parts  of 
Europe,  as  well  as  over  different  parts  of  Australia  and  New 
Zealand,'*  that  **  these  deposits  have  been  the  products  of  land 
ice."    He  considered  it  "  impossible  to  account  for  the  alluvial 
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matter  in  which  the  gold  in  Australia  and  New  Zealand  is 
found,  save  through  the  action  of  moving  ice."  He  concludes 
by  advising  geologists  to  "consider  the  evidence  which  the 
vegetable  soil,  loam,  or  mould  affords  as  to  the  endurance  of  the 
present  era;"  and  thus  ** gathered  from  all  sources,  evidence 
would  accumulate  which  would  eventually  furnish  suflScient 
data  to  approximate  to  the  time  it  has  taken  to  cover  the  earth's 
surface  with  loam." 

I  may  conclude  Mr  Melvin's  geologico-agricultui'al  contribu- 
tions to  our  Society  by  reference  to  his  paper,  read  5th  May 
1887,  on  "  Button's  Views  of  the  Vegetable  Soil  or  Mould  and 
Vegetable  and  Animal  Life"  (TranscLctians^  vol.  v.  p.  468), 
during  the  reading  of  which  he  presented  to  our  Society's 
library  the  manuscript  of  James  Hutton's  unpublished  "  Treatise 
on  Agriculture,"  of  which  Mr  Mehin  gives  the  gist  in  this 
paper.  It  was  fitting  that  an  eminent  agriculturist  should 
rescue  from  oblivion  the  work  of  one  who  had  once  been  a 
practical  agriculturist  like  himself,  and  whose  thoughts  were 
perhaps,  like  Mr  Melvin's,  first  turned  to  geology  by  the  daily 
observation  of  the  soil  during  his  agricultural  operations. 

Mr  Melvin's  two  remaining  contributions  both  deal  with  the 
subject  of  Parallel  Eoads.  On  3rd  December  1885  (Tram- 
actions,  vol.  V.  p.  268)  he  read  a  paper  "  On  the  Parallel  Eoads 
of  Lochaber,"  and  on  16th  February  1888  {Traixsudions,  vol.  v. 
p.  516)  a  paper  "  On  the  Parallel  Eoads  or  Sder  of  Norway." 
Eegarding  the  renowned  roads  of  Lochaber  (of  which  Mr  Melvin 
gives  a  map),  he  holds  "  that  the  roads  have  been  traced  on  the 
mountain  sides  by  the  agency  of  ice  and  water,"  and  that  the 
only  climatic  change  that  has  taken  place  in  the  locality  since 
they  were  formed  is  an  increase  of  the  solar  heat.  He  con- 
tinues :  "  I  therefore  entirely  agree  with  Professor  Prestwich 
in  his  pamphlet  on  the  roads  (1879),  *  that  ice  could  not  hold 
in  water  long  enough  to  form  them,'  but  disagree  with  him  in 
believing  that  the  hillsides  slipped  down  when  temporary  lakes 
were  drained,  and  that  the  water-run  debris,  which  had  given 
rise  in  his  mind  to  the  idea  of  general  slips,  was  caused  by 
summer  melting  of  the  snow  on  the  hillsides  washing  down 
portions  of  the  glacial  stuff  until  it  was  caught  by  the  ice  at  the 
level  of  the  roads.  Without  the  check  the  ice  supplied,  the 
rush  of  the  debris  would  have  continued  to  the  bottom  of  the 
valleys,  as  in  many  places  the  incline  is  steeper  below  than 
above  the  level  of  the  roads."  Mr  Melvin  concluded  "after 
careful  consideration  of  the  make-up  of  the  terraces,  the  depth 
of  the  vegetable  soil  covering  them,  the  hillsides,  valleys,  and 
the  nature  of  the  rock  debris  of  the  hillsides'  stuff,"  that "  no 
long  period  has  elapsed  since  they  were  formed,"  and  that  the 
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only  reliable  time-measurer,  the  depth  of  vegetable  soil,  does 
not  indicate  a  period  of  many  thousand  years.  Mr  Melvin 
refers  to  terraces  he  examined  in  Otago,  and  remarks  regarding 
the  district  of  Lochaber,  that  it  "has  not  its  counterpart  in 
Britain  in  its  surface  formation." 

Three  years  later  Mr  Melvin  gave  our  Society  an  account  of 
his  visit  to  the  "  Seter"  or  Parallel  Eoads  near  Hannestad,  177 
miles  from  Christiania.  He  held  that  these  Norwegian  **  Seter" 
strengthen  the  view  taken  by  Professor  Prestwich  that  10,000 
years  or  so  was  a  great  enough  antiquity  for  them,  and  that  ice 
had  more  to  do  with  their  formation  than  water. 

These  contributions  by  our  late  vice-president  sufficiently 
prove  the  activity  and  independence  of  his  mind,  the  zeal  with 
which  he  pursued  his  researches,  and  the  care  he  bestowed  uj)on 
hLs  facts. 

During  his  early  days  Mr  Melvin  was  an  agricultural  cor- 
respondent of  the  Scotsman,  As  I  have  mentioned,  he  held  a 
high  position  as  an  agricultural  authority,  his  experience, 
especially  of  farming  in  Midlothian,  being  necessarily  great, 
for  he  was  connected  with  Bonnington  Mains  during  three 
nineteen-year  leases.  At  one  time  he  was  spoken  of  as  one  who 
would  make  an  excellent  tenant-farmer  candidate  for  the 
Parliamentary  representation  of  Midlothian. 

Latterly  he  resided  in  Edinburgh,  where  in  1868  he  became 
partner  of  the  firm  of  Alexander  Melvin  &  Co.,  Boroughloch 
Brewery.  His  sterling  character,  his  ripe  knowledge,  and  his 
kindly  disposition  made  him  universally  respected  and  beloved  ; 
and  when  he  died  at  Edinburgh  on  4th  March  1897,  in  the 
eightieth  year  of  his  age,  all  felt  that  a  man  had  passed  away 
whose  place  would  with  difficulty  be  supplied. 
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XLIII. — A  Hyperstliene  Andesite  from  Dumyai,  (Ochils).    By 
John  S.  Flett,  M.A.,  B.Sc.  Ediii.    (Plate  XVII.) 

(Read  29th  April  1897.) 

The  structure  of  the  West  End  of  the  Ochils,  where  they 
terminate  in  the  cliff  overlooking  Bridge  of  Allan  and  the 
Forth  valley,  is  well  exposed  in  many  fine  natural  sections. 
Their  extreme  west  end  consists  of  massive  beds  of  volcanic 
conglomerate,  seen  well  in  the  narrow  pathways  behind  Airthrey 
Castle.  These  are  only  irregularly  bedded,  and,  while  large 
blocks  are  few,  they  are,  on  the  whole,  coarse,  and  contain  little 
fine  detritus.  The  blocks  have  a  rounded  and  distinctly  water- 
worn  appearance,  and  it  is  possible,  every  here  and  there,  to 
find  among  them  nests  and  patches  of  sand  and  shale,  in  a  few 
places,  amounting  to  distinct  beds  of  sandstone.  The  general 
dip  is  to  the  KW.  about  10". 

The  lavas  are  strikingly  limited  in  development  in  the 
western  area,  while,  as  we  ascend  the  slopes  of  Dumyat^  they 
gradually  become  more  and  more  important,  and,  finally,  in  ven' 
great  measure  replace  the  fragmental  rocks.  In  the  precipitous 
face  of  the  hill  overlooking  Menstrie  and  Logie  Church,  even' 
bed  of  lava  and  ash  can  be  well  seen,  as  they  follow  one  another 
in  regular  succession.  They  form  a  regularly  interbedded  series, 
the  lavas  thinning  out  gradually  as  they  pass  westwards, 
while  the  ash  beds  close  over  them — a  feature  suggesting  their 
origin  from  a  volcanic  focus  situated  to  the  eastward  or  south- 
eastward. 

On  the  level  moor,  which  forms  the  back  of  Dumyat,  the 
sections  are  not  quite  so  clear,  but  the  structure  is  not  difficult 
to  read.  The  Shemffmuir  Road,  which  leaves  the  Forth  Valley 
near  Logie  Church,  and  winds  up  over  the  higher  ground, 
crosses  the  beds  in  a  line  roughly  corresponding  to  their  dip, 
and  affords  a  series  of  sections  in  regular  order  of  succession. 
The  ash  beds  form  little  valleys,  in  which  they  are  often  over- 
laid by  a  thin  coating  of  boulder  clay  which  contains  many 
rocks  mostly  earned  from  the  districts  to  the  north,  while  the 
lavas  are  sufficiently  resistant  to  form  outstanding  cliffs  which 
can  be  traced  running  down  the  hilL  In  these  latter  little 
quarries  have  been  frequently  opened  to  pi-ovide  stones  for  road 
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and  dyke-mendiDg,  and  these  serve  in  some  cases  to  clear  up 
their  relations  to  the  ash  beds  with  which  they  are  mixed. 

Fully  a  mile  above  Logie  Church  the  dykes  have  largely  been 
built  of  a  very  striking  and  beautiful  rock.  It  is  pitch-black  in 
colour,  with  a  velvety  lustre  and  frequent  veins  of  brilliant  red. 
Its  great  freshness  contrasts  strongly  with  the  weathered  and 
dull-coloured  porphyrites,  of  which  the  dykes  are  mostly  com- 
posed. Examined  carefully,  it  is  free  from  vesicles,  shows  fairly 
well-marked  fluxion  structure,  and  consists  of  a  felspar,  with 
a  green  ferro-magnesian   mineral   in  a  ground  mass  largely 


The  microscope  shows  it  to  be  a  very  typical  and  perfectly 
fresh  Hypersthene  -  Andesite.  The  porphyritic  crystals  are 
Plagioclase  felspar,  Hypersthene,  Augite,  Magnetite,  and  Apatite. 
The  ground  mass  is  a  brown  glass,  permeated  by  minute 
micpolites,  and  may  properly  be  designated  hyalopilitic. 

The  felspars  are  plagioclase,  and,  according  to  the  extinctions 
of  their  lamella,  rank  with  Labradorite.  They  are  often  beauti- 
fully zonal,  and  show  albite,  carlsbad,  and  pericline  twinning. 
Here  and  there  an  untwinned  section  occurs.  Their  sections 
are  mostly  elongated,  and  they  have  the  usual  form,  the  axis  of 
elongation  being  the  a  axis,  while  they  are  often  tabular  on  the 
brachypinakoid.  In  all  cases  they  are  corroded,  even  the  most 
perfect  having  rounded  corners,  while  the  process  may  have 
gone  so  far  that  merely  irregular  grains  and  fragments  remain. 
As  a  whole,  they  are  very  free  from  enclosures,  but  in  some 
cases  they  are  quite  honeycombed  with  brown  glass  cavities. 
They  are  quite  unweathered,  and  here  and  there  they  form 
glomero-porphyritic  heaps  with  the  pyroxenes  and  with 
magnetite. 

Both  monoclinic  and  orthorhombic  pyroxenes  occur,  the 
latter  in  greater  abundance.  In  ordinary  light  they  are  not 
easy  to  distinguish,  both  having  a  pale  greenish-brown  colour. 
But  in  polarised  light  the  higher  interference  colours  of  the 
augite  distinguish  it  at  once,  the  hypersthene  giving  colours 
only  slightly  higher  than  those  of  the  felspars,  and  usually  grey 
or  pale  yellow.  The  hypersthene  is  proved  to  be  such  by 
its  uniformly  straight  extinction  in  sections  and  in  cleavage 
flakes  to  the  three  pinakoidal  planes,  the  emergence  of  a 
bi-sectrix,  in  sections  transverae  to  the  c  axis  examined  in 
convergent  light,  the  optic  axes  lying  outside  the  field,  while  in 
sections  which  show  only  a  parallel  cleavage  a  bi-sectrix  can 
sometiraes  be  seen  with  emergence  of  two  axes  in  the  edges  of 
the  field.  The  principal  axis  corresponds  with  the  axis  of  least 
elasticity  (C=C).  Around  tlie  axes  coloured  rings  are  to  be 
seen  in  the  augites,  but  not  in  the  hypersthenes. 
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As  contrasted  with  the  augites,  the  hypersthene  has  more 
frequently  a  well-defined  crystalline  form,  longitudinal  sections 
being  elongated  with  usually  slightly  rounded  ends.  Distinct 
traces  of  the  terminal  faces  are  not  usually  to  be  made  out 
Transverse  sections  are  squarish  or  rectangular,  and  bounded  by 
the  pinakoids,  the  prism  faces  being  present  only  as  slight 
truncations  of  the  corners.  In  such  sections,  when  very  thin, 
four  directions  of  cleavage  are  to  be  made  out;  two  more 
perfect  and  following  the  prism  faces,  the  others  pinakoidal. 
Longitudinal  sections  show  a  parallel  cleavage,  and  sometimes 
an  irregular  transverse  fracture.  The  hypersthene  is  pleochroic, 
though  not  very  markedly  so.  C=pale  green ;  A  and  C= 
brownish  yellow.  Occasionally  two  well-formed  crystals  are 
seen  interpenetrating  and  crossing  at  an  angle  of  about  30"— 
probably  twins  on  a  dome  or  pyramid  face.  The  hypersthene 
shows,  in  most  cases,  no  decomposition.  It  is  fairly  rich  in 
enclosures,  mostly  glass  cavities  of  regular  form — negative 
crystals.  In  longitudinal  section  they  are  rectangular,  with 
often  rounded  comers ;  in  transverse  section  eight  sided.  They 
contain  a  brown  glass,  and  often  a  minute  grain  of  magnetite 
or  rounded  immovable  bubble.  The  other  enclosures  are  apatite 
and  magnetite. 

The  augite  occurs  in  irregular  grains  with  usually  no  definite 
crystalline  outline  and  enclosures  similar  to  those  of  the  hypers- 
thene. It  is  frequently  twinned,  simply  or  repeatedly,  on  the 
orthopinakoid.  Frequently  it  is  associated  with  the  hypersthene, 
irregularly  or  in  parallel  growth.  In  that  case  their  longitudinal 
axes  coincide.  (The  augite  has  an  obliquity  of  extinction  of 
about  45°  in  dinopinakoidal  sections.)  The  relation  between 
the  two  minerals  in  point  of  priority  is  not  easy  to  make  out,  and 
it  seemed  that  sometimes  the  one,  sometimes  the  other,  was  the 
earlier.     The  augite  is  very  fresh,  and  free  from  decomposition. 

The  magnetite  and  iron  oxides  occur  in  black  grains  of 
rcmnded  form  scattered  throughout  the  rock,  and  especially 
frequent  as  enclosures  in  the  pyroxenes. 

The  apatite  is  somewhat  exceptional.  The  crystals  are 
sometimes  very  large,  quite  as  large  as  many  of  the  felspars 
(1  -8  mm.  X  "23  mm.).  Some  are  long,  narrow,  and  transversely 
broken,  others  short  and  stout,  six-sided  in  transverse  section, 
and  evidently  bounded  by  a  hexagonal  prism  and  obtuse  pyramid. 
They  are  full  of  minute  enclosures,  probably  of  glass,  which  in 
longitudinal  sections  are  elongated  and  arranged  parallel  to  the 
axis ;  in  transverse  sections  they  are  seen  to  lie  in  three  series 
crossing  at  60^  The  mineral  is  richly  dichroic  in  shades  of 
red  and  grey.  Similar  apatites  were  remarked  in  a  porphyrite 
from  AUerhope  Burn,  Cheviots,  by  Dr  Petersen. 
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The  ground  mass  under  low  powers  appears  to  be  almost 
entirely  glassy,  and  to  have  only  a  very  feeble  effect  on  polarised 
light  But  higher  powers  show  it  is  really  a  felted  mass  of 
minute  microlites  lying  in  a  pale-brown  glass.  Cumulites, 
tjlobulites,  and  other  growth  forms  do  not  occur  here  as  in  the 
Cheviot  andesites.  The  microlites  are  usually  short  and  stout, 
and  three  or  four  times  as  long  as  broad.  It  is  difficult  to  be 
quite  certain,  but  I  am  of  opinion  both  augite  and  felspar  are 
present  of  a  second  generation,  and  opaque  grains  of  magnetite 
are  scattered  everywhere  throughout  the  mass.  Unlike  the 
porphyritic  crystals,  these  microlites  show  no  regular  parallel 
arrangement,  and  must  be  regarded  as  the  product  of  crystallisa- 
tion at  a  time  when  ^  the  rock  had  ceased  to  flow,  and  was 
entirely  at  rest. 

Around  the  larger  augite  crystals  there  is  everywhere  a  dark 
hem  or  border,  which  under  high  powers  is  finely  granular  in 
appearance.  These  large  crystals  have  been  corroded,  and  at 
first  it  seemed  probable  this  boi*der  was  a  product  of  the  same 
nature  as  the  well-known  borders  which  surround  the  horn- 
blendes and  the  micas  in  many  andesites.  But  it  is  really  due 
to  a  regular  deposition  of  the  minute  augites  of  the  second 
period  upon  the  surface  of  the  earlier  crystals.  It  is  notable 
that  the  felspars  are  without  such  borders ;  around  the  hypers- 
thenes,  also,  they  are  never  conspicuous,  while  they  surround  the 
aujT:ites  with  such  regularity  that  they  serve  as  a  ready  means  of 
discriminating  between  the  two  pyroxenes.  Sections  which 
just  graze  the  surface  of  a  large  augite  arje  particularly  interest- 
ing, as  they  show  a  densely  packed  and  tessellated  aggregate  of 
microlites  planted  on  the  face  of  the  crystal.  They  may  be 
sometimes  seen  to  form  long  narrow  streams,  which  start  from 
one  of  the  large  crystals,  and  pass  some  distance  through  the 
jnt)und  mass.  When  the  sections  are  examined  in  polarised 
light  the  colours  given  are  those  of  augite,  and  the  extinction  in 
both  crystal  and  border  is  uniform.  This  is  to  be  explained 
only  by  the  r^ular  parallel  position  of  the  microlites  with 
respect  to  the  crystal  they  surround,  and  is  not  merely  due  to  a 
thin  layer  of  augite  underlying  the  microlites. 

In  Uie  ground  mass  also,  and  quite  apart  from  the  larger 
crystals,  the  little  augites  are  seen  sometimes  to  have  formed 
rounded  aggregates  with  no  trace  of  crystalline  outline,  but 
giving  the  augite  colours,  and  with  a  uniform  extinction 
throughout 

In  the  ground  mass  occur  also  certain  rounded  bodies  which 
have  some  resemblance  to  spherulites.  When  perfectly  formed 
they  have  a  rounded  section.  At  the  periphery  they  are  darker 
than  the  surrounding  rock ;  their  centre  is  usually  of  a  distinctly 
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lighter  shade.  They  consist  of  minute  microlites  similar  to 
those  in  the  rest  of  the  ground  mass,  and  a  regular  grouping 
cannot  be  determined,  except  that  the  magnetite  grains  are 
sometimes  in  radial  arrangement.  Between  crossed  nicols  there 
is  no  definite  cross,  and  the  radial  arrangement  is  very  indefinite. 
They  frequently  surround  crystals,  and  are  then  usually  of  more 
irregular  form;  but  they  are  not  products  of  corrosion,  as  they 
surround  the  various  minerals  impartially,  and  the  crystal  is 
usually  eccentric,  and  often  there  is  none  whatever.  Similar 
bodies  are  to  be  seen  in  the  well-known  andesite  of  Bath,  Hun- 
gary, to  which  the  rock  bears  an  extraordinary  resemblance,  and 
are  here  regarded  as  a  form  of  kugel  structure,  which  Eosen- 
busch  compares  to  the  variolitic. 

It  will  be  seen  that  this  rock  bears  a  very  close  resemblance 
to  the  Cheviot  andesites  described  by  Teall  and  Petersen. 
From  these  it  differs  chiefly  in  the  nature  of  the  ground  mass 
and  the  presence  of  kugel  structure.  Its  remarkable  freshness 
in  the  best  specimens  and  its  great  similarity  to  the  Hungarian 
andesites  are  also  points  worthy  of  remark. 

The  rock  itself  is  to  be  found  beside  a  little  spring  about  a 
mile  up  the  ShenifFmuir  road  from  Logic  Church.  It  is  well 
exposed  by  recent  quarrying,  and  forms  a  marked  cliff  running 
down  the  hill  for  some  distance,  but  terminating  just  to  the  east 
of  the  road.  Mr  Peach,  F.R.S.,  who  mapped  this  district  for  the 
Geological  Survey,  was  good  enough  to  allow  me  to  consult  the 
6-inch  map,  on  which  I  found  it  marked  as  an  intrusive  sheet 
He  found  that  it  bakes  and  hardens  the  shaly  ash  bed  over- 
lying it  This  I  did  not  remark,  but  it  is  easy  to  recognise  the 
differences  between  this  intrusive  sheet  and  the  interbedded  lavas 
of  the  hill.  It  ends  out  very  abruptly  compared  with  the  manner 
in  which  the  lavas  gradually  thin  as  they  pass  westwards.  Its 
western  end  is  also  very  suggestive  of  an  unconformable  intru- 
sion into  the  ash  beds,  as  it  seems  to  pass  down  across  the 
bedding  planes  ;  while  it  is  nowhere  vesicular,  not  even  on  the 
upper  surface,  which  in  the  lavas  is  everywhere  slaggy,  and 
often  beautifully  ropy  and  contorted.  Specimens  were  collected 
from  the  top  siuface,  as  fresh  as  possible,  and  these  showed  no 
veiy  marked  difference  from  the  middle  of  the  sheet,  except  that 
the  hypersthenes  were  decomposed  into  green  products ;  and  the 
ground  mass  was  almost  completely  filled  with  kugel  bodies  both 
rounded  and  of  irregular  outlines.  This  would  indicate  that 
these  bodies  were  somehow  connected  with  rapid  cooling  and 
consolidation.  No  specimens  of  a  completely  glassy  chilled 
edge  were  obtained,  the  ground  mass  being  essentially  similar  to 
that  already  described,  but  this  is  no  doubt  due  to  the  fact  that 
overlying  the  andesite  is  a  little  valley  partly  filled  with  boidder 
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clay  and  thin  layers  of  peat.  The  exposed  surface  has  much 
of  the  appearance  of  the  surrounding  porphyrites,  being  dull 
and  stony,  stained  green  and  red  with  decomposition  products. 
Absolutely  fresh  material  is  most  easily  obtained  where  this 
surface  has  been  quite  recently  removed  by  quarrying,  but  often 
a  blow  with  the  hammer  is  sufficient  to  remove  the  weathered 
crust  and  reveal  the  fresh  rock  beneath.  The  extreme  west 
end,  where  the  sheet  dies  out  in  the  ash,  yielded  the  most  satis- 
factory specimens.  In  microscopic  sections  of  the  weathered 
surface  material  the  various  porphyiitic  minerals  all  showed 
ilecomposition,  the  felspars  being  relatively  fresh  while  the 
hypersthenes  were  almost  entirely  destroyed,  and  it  was  inter- 
esting to  observe  that  while  the  ground  mass  between  the  kugels 
was  often  cloudy,  dull,  and  filled  with  secondary  substances, 
the  kugels  themselves  were  comparatively  unafiFected. 

Specimens  were  collected  from  the  porphyrites  of  the  hill, 
and  microscopic  slices  prepared  for  the  purpose  of  making  a 
comparison  of  their  features  with  those  of  the  andesite.  The 
localities  were  as  follows  : — 

1.  From  a  small  cliff  ci-ossing  the  road  in  the  valley  behind 

Logic  Church. 

2.  The  lava  immediately  overlying  the  andesite. 

X  The  lava  overlying  and  as  exposed  in  the  roadside. 
4.    )  From  small  quarries  just  to  the  north  of  3,  and  east  of 
.'>.    J     the  road. 

0.  The  last  porphyrite  outcrop  to  the  north  ;  from  a  small 
valley  where  a  bum  crosses  the  road  300  yards  K  of  3. 

All  were  porphyritic  and  not  markedly  amygdaloidal  except 
on  the  surface,  dull  and  stony  in  aspect,  stained  red  and  green, 
the  vesicles  filled  with  calcite,  chlorite,  and  agates.  All  showed 
tluxion  structure,  and  many  were  crossed  with  red  veins  similar 
to  those  in  the  andesite.  Some  of  these  lavas  show  at  their  base 
an  immense  number  of  angular  baked  fragments  of  sandstone  and 
A\a\e  evidently  caught  up  from  the  sea  bottom  over  which  they 
flowed.  The  underlying  shales  were  often  baked,  and  the  sand- 
slones  showed  ripple  marks  and  worm  burrows. 

The  felspars  were  Qloudy  and  stained,  and  the  pyroxenes  were 
;^Teen  or  red,  with  often  a  platy  structure  and  a  pearly  lustre. 
This  mineral  was  soft  and  cut  readily  with  the  knife.  Cleavage 
flakes  showed  in  some  cases  the  emergence  of  a  bisectrix  per- 
I«ndicular  to  the  cleavage  with  small  and  variable  axial  angle. 
The  extinction  in  flakes  and  sections  was  straight.  Hence  it  is 
in  all  probability  bastite  replacing  hypersthene. 

Under  the  microscope  the  rocks  are  porphyritic  and  amygda- 
loidal and  show  fluxion  structure.     In  all  the  phenocrysts  are 
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iDore  numerous  than  in  the  andesite,  and  the  most  numerous  are 
the  felspars.  Their  forms  and  optical  characters  are  similar  to 
those  of  the  felspars  in  the  andesite.  Their  numerous  dark  glass 
cavities  are  often  arranged  in  a  marginal  zone.  They  are  cloudy, 
and  in  their  cracks  calcite,  limonite,  and  green  chloritic  minerals 
have  been  deposited.  Yet  they  are  in  all  cases  sufficiently  fresh 
to  show  their  characteristic  twinning  and  interference  colours. 
The  pyroxenes  on  the  other  hand  are  relatively  far  more  decom- 
posed. In  most  cases  they  have  been  replaced  by  secondary 
products,  of  which  the  bastite  is  the  commonest  The  fibrous 
appearance  and  straight  extinction,  together  with  the  fact  tliat 
it  forms  well  marked  pseudomorphs  after  hypersthene,  dis- 
tinguish it  readily.  Four-sided  transverse  sections  with  blunted 
comers  are  very  numerous,  and  the  transverse  cracks,  the  glass 
cavities,  the  parallel  growths,  and  the  cross  twins  can  all  be  dis- 
tinguished. The  fibres  of  the  mineral  are  parallel  to  the  long 
axis  of  the  original  crystals,  and  between  them  minute  brown 
platy  enclosures  are  frequent  The  extinction  is  parallel  to  these 
and  to  the  pinakoids,  though  this  is  true  only  in  a  general  sense, 
as  around  the  margins  and  cracks  of  the  originsd  crystal  the 
fibres  are  usually  irregular  in  arrangement  The  colour  varies 
from  pale  green  to  a  rather  deep  brown,  and  in  the  latter  form 
it  is  often  nmrkedly  dichroic.  Fresh  augite  was  not  observed, 
but  the  numerous  pseudomorphs  of  irregular  outline,  consisting 
of  a  pale  green  chlorite  with  irregular  fibrous  structure,  and 
yielding  low  polarisation  colours,  probably  represent  original 
augites,  especially  as  they  are  often  associated  with  the  bastite 
pseudomorphs  in  a  manner  similar  to  that  of  the  pyroxenes  in 
the  fi*esh  rock.  Calcite  and  limonite  are  very  abundant,  and 
with  quartz  form  the  ultimate  products  of  decomposition. 

The  ground  mass  varies  considerably.  It  is  obscured  by 
<lecomposition  and  the  deposit  of  secondary  products.  I  have 
been  unable  to  find  in  any  the  kugel-structure  of  the  fresh  type. 
Perhaps  the  most  similar  to  that  rock  is  No.  6,  in  which  the 
ground  mass  has  a  hazy  appearance  and  is  filled  with  minute 
grains  of  magnetite  and  microlites  of  indefinite  form.  It  is  still 
largely  isotropic  and  must  at  first  have  been  mainly  glassy  and 
hyalopilitic,  but  the  phenocrysts  are  relatively  more  abundant 
than  in  the  andesite.  The  other  rocks  are  characterised  by  the 
presence  in  the  ground  mass  of  felspars  of  a  second  generation, 
which  often  have  the  swallow-tailed  ends  and  the  wisp  like 
forms  due  to  rapid  crystallisation.  They  lie  in  streams  which 
wind  round  the  larger  crystals.  A  second  crop  of  augit«  was 
not  determined  with  certainty.  The  ground  mass  is  always  dull, 
cloudy,  and  somewhat  opaque. 

These  rocks  have  evidently  been  originally  glassy,  or  largely 
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glassy  hypersthene  andesites,  very  similar  to  the  fresh  rock 
described,  and  the  conclusion  seems  inevitable  that  they  have 
all  proceeded  from  a  common  source  and  are  of  a  similar 
geological  age. 

In  that  case  we  have  here  a  rock  of  Old  Bed  Sandstone  age, 
which  can  in  no  respect  be  separated  from  the  modem  Andesites 
of  Hungary  and  of  ^N'orth  America.  Its  remarkable  state  of 
preservation  is  perhaps  in  part  accidental,  but  no  doubt  also 
due  to  the  glassy  cind  impermeable  condition  of  the  ground 
mass. 

[In  Sir  Archibald  Geikie's  "Ancient  Volcanoes  of  Great 
Britain"  (VoL  I.  p.  275),  a  pitchstone-like  Hypersthene 
Andedte  from  near  Airthrey  Castle  is  mentioned  and  described 
from  notes  by  Mr  Watts.  No  doubt  this  is  the  same  rock  as 
that  described  in  this  paper.  Sir  Archibald  Geikie's  book  was 
published  before  this  paper  was  read,  and  while  it  was  lying  in 
the  hands  of  the  Society's  Committee.] 

JEscplanatiofb  of  the  Figures. 

Plate  XVn.,  Fig.  1.    Magnified  25  diameters. 

The  upper  part  of  the  field  is  occupied  by  a  large  crystal  of 
augite  which  is  simply  twinned.  Its  outlines  are  very  irregular, 
its  the  result  of  corrosion.  It  encloses  magnetite,  apatite,  and 
minute  glass  cavities  which  often  contain  a  bubble.  It  is 
surrounded  by  a  granular  border  consisting  of  miimte  augites 
of  the  second  generation  in  parallel  position.  Beneath  it  is  a 
hypersthene  crystal  in  longitudinal  section,  relatively  more 
idiomorphic  and  without  the  granular  border.  The  white 
crystal  below  is  plagioclase  felspar. 

Fig.  2.    Magnified  24  diameters. 

The  rounded  mass  is  one  of  the  '  Kugel '  structures  with  a 
dark  periphery  and  pale  centre.  There  is  little  trace  of  radial 
stnicture  except  in  the  disposition  of  the  minute  dark  crystals 
of  magnetite. 
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XLIV. — On  the  Laws  that  Govern  the  Hounding  of  Particles  of 
Sand.  By  Wm.  Mackie,  M.A.,  M.D.  (Plates  XVIIL 
and  XIX.). 

(Read  29th  April  1897.) 

In  my  inquiry  into  the  origin  of  the  Bandstonea  of  Eastern. 
Moray  I  have  had  frequent  occasion  to  note  the  various  d^iees 
of  rounding  presented  by  the  various  mineral  particles  that 
enter  into  their  composition.    During  the  last  three  years  I 
have  examined  a  large  number  of  specimens  &om  all  the  sand- 
stone formations  represented  in  the  area,  and  from  all  important 
divisions  of  these  formations.     Amid  much  that  was  variable  in 
the  highest  degree,  it  soon  became  evident  that  so  far  as  the 
rounding  of  the  constituent  particles  was  concerned,  a  certain 
amount  of  uniformity  prevailed,  and  though  from  a  very  early 
period  of  the  inquiry  it  was  no  less  evident  that  quite  a  number 
of  factors  entered  into  and  co-operated  to  produce  the  result* 
observed,  it  was  nevertheless  soon  recognised  that  these  results 
were  fairly  constant,  and  in  the  majority  of  cases  strictly  com- 
parable from  specimen  to  specimen.     In  order  if  possible  to 
discover  guiding  principles,  the  better  to  compare  past  with 
present  conditions,  and  generally  it  might  be  to  illustrate  both, 
I  examined  the  sands  of  the  rivers  of  the  adjoining  land  area, 
the  sands  of  the  shore  of  the  Moray  Firth,  and  the  sands  of  the 
sand  dunes  of  Culbin.    All  these,  though  often  in  less  d^ree, 
appeared  to  illustrate  the  operation  of  the  same  general  prin- 
ciples.   It  was  very  early  noted  that  the  size  of  the  particles 
within  certain  fairly  defined  limits  at  either  end  had  a  decided 
bearing  on  their  degree  of  rounding.     Over  and  over  again  it  was . 
observed  that  the  larger  grains  of  a  sand  or  sandstone  are  usually 
the  more  rounded.     Only  once,  or  at  most  twice,  has  an  excep- 
tion been  noted  in  beds  at  the  very  base  of  the  Upper  Old  Eed 
series.     In  many  cases,  even  in  the  same  specimen,  in  passing 
from  the  smaller  to  the  larger  grains,  the  transition  firom  angular 
to  rounded  forms  was  found  to  take  place  quite  suddenly.    A 
very  slight  increase  in  the  diameter  of  the  particles  often  made 
all   the  difference  between  roundness  and  angularity.      The 
degree  of  rounding  was  therefore  apparently  not  in  the  simple 
ratio  of  the  diameters  of  the  grains.    Siie  natuxally  suggested 
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weight  as  an  element  in  the  case,  and  when  particles  of  ap- 
proximately equal  size  but  of  different  specific  gravities  were 
examined  side  by  side  in  the  same  specimen,  it  was  found  to  be 
the  general  rule  that  the  particle  of  higher  specific  gravity  was 
the  more  rounded.  Thus,  of  fragments  of  quartz  and  zircon  of 
nearly  equal  size,  the  zircons  would  in  nearly  all  cases  be  out  of 
all  comparison  the  more  rounded  of  the  two  groups.  Then, 
again,  it  was  observed  that  where  the  size  as  well  as  the  specific 
gravities  of  the  particles  were  practically  equal,  but  an  appre- 
ciable difference  existed  in  their  degrees  of  hardness,  it  was 
generally  found  that  the  particles  of  uie  mineral  with  the  lower 
degree  of  hardness  were  in  the  vast  majority  of  instances  the 
more  rounded  of  the  two.  Thus,  where  all  the  particles  of  a 
sand  or  sandstone  exhibited  a  certain  degree  of  rounding,  the 
felspars  would  almost  always  show  more  rounded  forms  than 
the  quartz  grains.  Here  it  will  be  observed  that  the  amount  of 
rounding  is  in  the  indirect  ratio  of  the  hardness  of  the  mineral 
Another  factor  in  the  results,  and  one  that  naturally  suggests 
itself,  is  the  distance  over  which  the  different  particles  nave 
travelled.  Of  this,  of  course,  in  most  cases  there  was  little 
chance  of  judging ;  but  where  the  origin  of  particles  could  be 
determined  with  more  or  less  exactness,  the  greater  distance  of 
travel  coincided  in  a  large  number  of  instances  with  the  greater 
degree  of  rounding.  Exceptions  occurred  Thus  it  was  observed 
in  the  case  of  a  particular  class  of  grains — the  quartz  grains  of 
the  Netherly  diorite  near  Sothes — that  in  L.O.R  beds,  fourteen 
miles  in  direct  line  from  the  parent  rock,  they  were  always 
found  perfectly  angular,  while  in  the  U.O.R  beds,  only  live 
miles  away,  they  were  almost  always  beautifully  rounded,  and 
in  still  another  series  of  undetermined  age,  but  in  micro- 
scopical characters  agreeing  most  closely  with  the  L.O.R  beds — 
I  mean  in  the  Asterolqns  beds,  Nairn — at  twenty-five  miles 
distance  they  were  present  in  fine  grains,  conspicuous  by  their 
roundness  among  the  generally  angular  debns  of  that  rock. 
Then,  again,  the  constituent  particles  of  sandstones  of  undoubted 
,LO.R  age  were  found  to  be  invariably  angular,  of  the  U.O.R 
series  to  be  of  mixed  character,  rounded  and  angular  grains 
occurring  in  varying  proportions  in  the  several  divisions  of  the 
group,  and  even  in  different  beds  of  the  same  division,  of  the 
'  Beptiliferous '  beds,  to  be  all  of  them,  small  and  large  alike, 
rounded  to  a  degree  to  which  no  parallel  could  be  found  among 
recent  sands,  while  in  the  small  portion  of  Oolitic  sandstone 
falling  within  the  area,  they  were  again  angular  in  the  highest 
d^ea  These  observations  suggested  differences  in  the  agents 
of  transport  as  well  as  variations  in  the  conditions  of  deposit, 
and  when  in  relation  to  the  rounding  process  the  action  of  the 
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agencies  known  to  us  came  to  be  investigated,  it  was  at  once 
seen  that  the  sands  of  Culbin,  which  owe  their  form  largely  to 
the  action  of  wind,  were,  after  a  transit  of  only  a  few  miles, 
much  more  rounded  than  sands  of  the  same  degree  of  fineness 
after  many  miles  of  water  carriage,  and  much  more  rounded 
even  than  the  same  sand  after  prolonged  churning  by  the  waves 
in  the  tide-wey  of  the  searshora  It  was  thus  evident  that  at 
least  five  factors  were  concerned  in  the  result : — 

(1)  The  size  of  the  particles. 

(2)  Their  specific  gravity. 

(3)  Their  hardness. 

(4)  The  distance  over  which  they  had  travelled. 

(5)  The  i^nt  by  which  they  had  been  transported. 

The  amount  of  rounding  of  a  particle  varies  directly  as 
(1)  (2)  (4) ;  and  indirectly  as  (3).  We  may  therefore  express 
the  total  amount  of  rounding  (R)  as  proportional  to  or  varying 
with  the  size  of  the  particle  multiplied  by  its  specific  gravity, 
multiplied  by  the  distance  it  has  travelled,  the  whole  divided 
by  its  hardness,  thus — 

Size  X  specific  gravity  x  distance 
Hardness 

Size  and  specific  gravity  come  together  as  weight  or  masa 
Thus  the  weight  of  a  cube  of  which  the  side  is  a;  is  expressed 
hjofispg. 

Distance  of  travel  is  more  accurately  expressed  as  the  number 
of  times  the  particle  has  turned  on  its  axis  in  covering  the 
stated  distance  {d).  This  is  easily  expressed,  as  the  di^anoe 
divided  by  the  rolling  circumference  of  the  particle.  It  is  to 
be  supposed,  of  course,  that  in  each  revolution  the  same  amount 
of  work  towards  the  rounding  process  is  done.  This,  however, 
is  only  approximately  true,  as  the  weight  of  our  hypothetical 
particle  is  gradually  lessening,  and  its  rolling  circumfer^ioe 
slowly  changing  in  outline  as  well  as  lessening  in  amount 
But    as    these    two    effects    tend    to    balance    one    another, 

distance  travelled,  -n    •^.  i,,   ^^«^„^^4.  4.v« 

-„. s ^ —4 jr-,-,  will    fairly  represent  the 

rolling    circwmference    of   particle 

number  of  revolutions  of  particle  in  covering  the  distance  d. 
For  our  hypothetical  cube  this  will  be  — —     Substituting  these 

Q?spg.  -jz     ^      J  y        - 

quantities  we  get  H« ^ ^     (or  generally  ^^- 

where  m  varies  with  outline  of  figure). 
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This  is  the  result  for  a  cube.  For  other  figures  the  result  is 
much  the  same,  only  the  coeflBcient  of  h  varying.  For  a  sphere  the 
coefficient  of  h  would  of  course  be  3*1416,  which  is  the  lower 
hmit  of  variation.  For  all  symmetrical  figures  the  coefficient 
of  h  could  be  easily  determined,  but  as  the  particles  with  which 
we  have  to  deal  are  for  the  most  part  of  very  irregular,  of  very 
different  and  indeterminate  shapes,  the  coefficient  of  h  may  be 
n^lected  altogether.  It  is  only  in  the  case  of  idiomorphic 
particles  that  it  need  be  considered  at  alL 

The  above  result  shows  that  for  particles  of  the  same  sub- 
stance of  the  same  form  but  of  different  sizes,  distance  remaining 
constant,  E  varies  as  the  squares  of  their  diameters.  For  par- 
ticles of  different  substances,  size,  shape,  and  distance  being  con- 
stanty  B  varies  as 

the  specific  gravity  of  the  particles    spg 
their  hardness  ~  h 

This  gives  a  different  value  for  each  mineral,  but  one  which  is 
practically  constant  for  the  same  mineral  Such  value  may  be 
called  the  coefficient  of  roundability,^  or  the  specific  "round- 
ability  "  of  the  particular  mineral.  The  values  for  a  few  of  tlie 
commoner  substances  observed  in  sands  have  been  calculated 

out  in  the  table  given  below.    The  above  formula  ^  holds  for 

air.  For  water  a  slightly  different  formula  obtains.  All  bodies 
lose  weight  in  water  by  an  equal  volume  of  water.  The  weight 
of  our  hypothetical  cube  in  water  would  therefore  be  a?{spg-l)^ 

so  that  the  coefficient  of  roundability  becomes  for  water  ^~   * 

This,  when  calculated  out>  gives  of  course  a  series  of  lower  values 
for  the  different  minerals. 

In  calculating  out  the  following  table  the  average  of  all  the 
specific  gravities  and  the  average  of  all  the  hardness  values 
{^ven  opposite  the  different  minerals  in  Dana's  System  of  Miner- 
alogy, 5th  edition,  have  been  used. 

^  This  is  a  terrible  hybrid.  A  olassical  friend  to  whom  I  applied  suggesta 
^* StwngylieUy"  (from  (rrpoTTtJXoj,  ronnd,  or  ffrpirYyvkl^w,  I  make  round.)  This 
word  has  a  sirong  Saxon  aroma  which  would  be  likely  to  be  sagcestive  of  qualitiea 
of  a  different  order.  My  own  inclination  is  to  **  paephicU'p*  (from  i^fi^pof,  a 
pebble),  naturaUy  metOking/acilUy/or  being  made  into  pebblee. 
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Table  of  Bdative  "  PsephicUies.'* 


In  Air. 

Mineral. 

^ 

1.  Quartz, 

.      -38 

2.  Orthoclase, 

.      ^[K 

3.  Andalusite, 

.      -42 

4  Tourmaline, 

.      -43 

5.  Labradorite, 

.      -45 

6.  Staurolite,. 

.      -6 

7.  Garnet, 

.      -53 

8.  Hornblende, 

.      -57 

9.  Zircon, 

.      -59 

mKyanite,    . 

.      -6 

iLSphene,      . 

.      -66 

12.  Rutile,       . 

.      -68 

13.  Magnetite  (as  type  of  h 

ron 

ores),       . 

.      -86 

14  Biotite,      . 

.     105 

15.  Chlorite,    . 

.    1-2 

16.  Muscovite, 

.    1-3 

In  Water. 
h 

"23 

4[KaoHnitel4]-29 

[Compact  varieties : 
Impure  much  lees]. 
•3 
•29 
•36 
•39 
•39 
•45 
•43 
•7 
•51 

•7 
•7 
•76 
•86 


Observation  over  a  comparatively  large  number  of  examples 
generally  confirms  the  theoretical  order  given  above  as  the  order 
which  approximately  obtains  in  nature.  It  is  of  course  impos- 
sible to  eliminate  diflerences  in  the  distances  of  travel  of  the 
different  particles  or  even  to  make  any  but  the  roughest  allow- 
ance for  relative  size,  but  when  this  has  been  done  some 
exceptions  to  the  theoretical  order  are  found  to  exist  Such 
exceptions  are  frequently  traceable  to  some  peculiarity  of  the 
particular  mineral,  of  tener  perhaps  to  errors  of  specific  determina- 
tion in  the  mineral  groups. 

Among  some  of  the  peculiarities  of  minerals  that  give  rise  to 
exceptions,  the  following  may  be  mentioned : — 

(1)  Susceptibility  to  chemical  change.  This  usually  operates 
in  the  direction  of  lowering  their  hardness,  and  it  is  possible 
that  if  the  appropriate  correction  in  this  respect  could  be  made 
they  would  still  be  found  to  fall  into  line.  Felspar  wheu 
highly  kaolimsed,  as  it  is  for  most  part  in  river  sands,  gets  rounded 
too  quickly  and  is  an  exception  coming  under  this  heading. 

(2)  Certain  conditions  of  deavage.  Some  minerals  seem  to 
exfoliate  along  their  dominant  cleavage  plane  under  the  rounding 
agencies  and  thus  continue  to  present  angular  outlines.  Their 
ultimate  fragments  appear  however  to  obey  the  law.    Horn- 
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Uende,  and  to  less  extent  felspar,  are  exceptions  in  this 
respect 

(3)  Vesicular  habit  or  the  presence  in  a  mineral  of  large 
numbers  of  liquid  or  gas  pores  seems  to  increase  its  tendency  to 
angularity  This  may  be  due  to  the  fact  that  the  specific  gravity 
is  thereby  Teduced.  But  it  is  manifestly  not  the  whole  case. 
Why,  for  instance,  should  garnets  be  found  in  some  sands — not- 
ably the  Culbin  Sands — ^in  very  small  and  markedly  angular 
grains  ?  It  is  interesting  to  remember  in  this  connection  that 
the  probable  tendency  of  vesicular  quartz  to  disappear  was  one 
of  the  results  of  my  previous  paper. 

(4i)  Variations  of  original  outline.  This  applies  only  to 
idiomorphic  particles  and  is  fully  covered  by  the  varying  co- 
•ef&cient  of  A  in  the  general  formula.  It  explains  why  a  crystal 
of  zircon  should  be  more  speedily  reduced  to  a  rounded  form 
than  a  crystal  of  magnetite.  Zircons,  however,  are  frequently 
seen  in  their  original  matrix  in  the  crystalline  rocks  as  rounded 
blebs  without  any  trace  of  crystalline  outline.  This  would  ex- 
plain the  marked  tendency  of  zircon  to  come  out  too  high  in  the 
results  which  have  been  worked  out  below.  OriginaJly  idio- 
morphic zircons  take  on  characteristic  spindle-like  forms  after 
a  certain  d^ee  of  rounding. 

(5)  Very  high  degrees  of  hardness  probably  give  rise  to  new 
conditions.  Particles  appreciably  harder  than  quartz,  from 
failing  to  come  in  contact  with  substances  as  hard  as  or  harder 
than  themselves,  would  not  be  likely  to  be  sensibly  changed 
in  shape  after  a  very  long  journey.  Thus  topaz  would  have 
a  coefficient  of  '44  in  the  column  for  air  and  of  '31  in  the 
column  for  water — that  is  to  say,  greater  than  quartz  in  both 
cases ;  while  the  coefficient  of  diamond  would  be  '35  in  air  and 
*25  in  water,  or  less  than  quartz  in  air  and  slightly  greater  than 
it  in  water.  I  have  observed  what  I  believed  to  be  one  or  two 
microscopic  topazes  in  the  matrix  of  a  L.O.R  conglomerate  at 
OoUachy  MilL  Their  crystalline  outline  was  perfect,  but  the 
same  was  true  of  some  of  the  garnets  that  were  present  in 
abundance  in  the  same  specimen.  With  the  behaviour  of  the 
diamond,  under  these  conditions,  I  have  no  acquaintance ;  but 
it  is  certainly  not  to  be  expected  that  it  is  more  susceptible  in 
this  respect  than  quartz.  After  all,  the  case  is  probably  not 
limited  to  a  problem  in  pure  friction,  but  includes  the  results 
of  direct  impact  as  welL  In  that  case  a  certain  degree  of 
rounding  may  be  expected,  even  in  the  very  hardest  minerals. 
Reference  is  sometimes  made  in  books  to  the  frequency  with 
which  zircon  and  rutile  occur  in  idiomorphic  forms  in  sands, 
due,  it  is  supposed,  to  their  hardness.  No  doubt  they  do  so 
occur,  but  so  also  do  garnets  many  times  their  size,  and  the 
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odcurrence  of  fragments  of  felspar,  bounded  by  regular  cleavage 
planes,  is  not  infrequent,  both  in  sands  and  sandstones.  If  it 
were  the  habit,  and  not  the  exception,  for  quartz  to  occur  in 
idiomorphic  form,  we  should  no  doubt  frequently  find  it  so 
occurring  in  sands.  It  has  been  suggested,  on  the  other  hand,, 
that  idiomoi*phic  zircons  and  rutiles  hare  been  liberated  in  sUu 
by  the  decomposition  or  breaking  up  of  muscovites  or  biotites,, 
in  which  they  formerly  existed  as  inclusions,  and  in  which  they 
had  been  earned  to  the  position  where  they  are  now  found.  As 
micas  have  been  repeatedly  observed  both  in  sands  and  sand- 
stones, with  crystals  of  zircon  and  rutile  on  the  point  of  dropping 
out  of  them,  while  others  have  been  seen  showing  empty 
spaces,  with  the  regular  outlines  of  these  minerals  from  which 
they  had  presumably  already  dropped,  the  latter  view  seems 
at  least  to  contain  a  modicum  of  truth. 

(6)  Diffijcvliiea  of  afpedfic  determination  probably  account  for 
not  a  few  anomalies.  Thus  tourmaline  and  hornblende  aie  not 
always  easily  distinguished.  With  nearly  spherical  particles  it 
is  manifest  that  the  occurrence  of  the  darkest  pleochroic  tint, 
when  the  long  axis  of  the  polarising  prism  is  parallel  to  or  at 
right  angles  to  the  long  axis  of  the  fragments,  has  really  no 
meaning,  and  a  little  reflection  will  show  that,  even  where  there 
is  a  longer  and  shorter  diameter  in  our  hypothetical  particle,  these 
differences  need  not  be  absolutely  diagnostic  of  tourmaline  or 
Iiornblende.  Many  particles  are  also  too  thick  to  show  reliable 
pleochroic  differences.  With  a  little  experience,  however,  it  is 
usually  possible  to  decide,  with  niore  ov  less  accuracy,  from  the 
general  characters  of  the  respective  minerals.  Again,  what  are 
put  down  as  "  iron  ores "  in  the  following  determinations  are 
manifestly  not  all  iron  ores.  Opacity,  which  has  been  taken  as 
the  determining  characteristic,  may  cover  fragments  of  organic 
matter  or  particles  of  minerals  not  transparent,  unless  of  an 
excessive  degree  of  thinness.  Hence  this  is  one  reason  why 
the  iron  ores,  in  all  the  specimens  which  have  been  discussed 
in  detail,  come  out  relatively  too  low. 

(7)  TTie  impurity  or  composite  character  of  the  mineral  frag- 
TruTvta  also  accounts  for  some  anomalies.  The  iron  ores  also  come 
under  this  heading.  More  frequently  than  other  minerals,, 
these  have  been  observed  to  carr)"  fi-s^nents  of  the  matrix  of 
the  original  rock  along  with  them.  These  being  mostly  of 
quartz  or  felspar  tend  to  reduce  the  specific  gravity  of  the 
composite  particle,  and  hence  bring  out  the  result  too  low.  They 
also  interfere  with  the  r^jularity  of  the  rounding  process,  whidi 
naturally  leads  to  a  like  result. 

(8)  Idiost/ncrasies  of  some  minerals.  Thus  magnetite,  from 
its  attracting  other  particles,  is  apt,  in  transmitted  light,  to  give 
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the  impression  of  a  single  angular  fragment,  whereas  what  is 
really  observed  is  an  aggregate,  made  up  of  several  rounded 
fragments. 

Most  of  these  exceptions,  it  will  be  seen,  arise  from  the 
difficulty  or  impossibility  of  precise  determination  on  the  objec- 
tive side,  and  it  is  reasonable  to  suppose  that  if  greater  precision 
were  attainable  in  this  respect,  an  even  closer  conformity  to 
law  than  is  observed  would  be  easily  demonstrated.  At  the 
same  time  it  is  worth  noting  that  there  are  some  minerals  that,, 
were  we  to  decide  the  question  on  a  priori  grounds,  would  be 
naturally  ranked  as  exceptions  which  are  found  to  be  in  notorious 
conformity  to  law.  Such  a  mineral  is  muscovite.  The  flat  plates 
of  this  mineral  are  the  first  to  show  the  rounding  process,  and 
appear  in  many  sandstones,  and  notably  in  sea  sand,  as  ovoid  or 
nearly  circular  discs.  From  this  result  it  would  appear  that 
they  have  a  tendency  to  get  on  their  edges  and  be  trundled 
along  by  the  current,  somewhat  after  the  manner  of  a  boy's 
hoop.  Biotite  exhibits  the  same  peculiarity,  but  though  it 
comes  out  relatively  to  the  muscovite  invariably  in  the  right 
position,  still,  in  relation  to  the  other  minerals  it  is  always  too 
low.  This  is  due  to  its  higher  susceptibility  to  chemical  change 
and  consequent  greater  friability,  so  that  in  the  preliminarj' 
treatment  of  a  sand  it  readily  goes  to  pieces.  It  is  frequently 
met  with  in  crescentic  fragments  with  one  border  rounded,  the 
otlier  frayed  and  irr^ular,  due  to  the  breaking  up  of  originally 
rounded  plates. 

Several  examples  of  sands  and  sandstones  containing  a  pro- 
portion of  heavy  particles  have  been  worked  out  in  detail,  and 
the  relative  amount  of  roimding  of  the  several  mineral  groups 
noted.  The  list  of  minerals  thus  worked  out — though  it  must 
Iw  admitted  by  a  highly  artificial  method — follow  more  or  less 
closely  the  order  derived  from  calculation.  Such  exceptions  as 
occur  may  be  readily  explained  by  actual  differences  in  the 
average  size  of  the  particles  of  the  several  mineral  groups,  by 
possible  diflTerences  in  the  relative  distances  over  which  they 
have  been  carried,  or  by  the  operation  of  one  or  more  of  the  sub- 
sidiary causes  just  described. 

I.  The  first  specimen  of  a  sand  examined  in  detail  was  one 
exceptionally  rich  in  heavy  particles,  which  I  found  in  the  col- 
lection of  the  late  Dr  Gordon,  of  Birnie,  labelled  "  Amethystine 
and  Iron  Sand,  shore  at  Macduff,  1850."  It  was  found  to  con- 
tain 41  per  cent,  of  opaque  particles,  presumably  in  large  part 
iron  ores,  37  per  cent  of  garnet,  7  per  cent,  zircon,  6  per  cent, 
staurolite,  1  per  cent,  quartz  ;  and  the  remaining  8  per  cent  was 
made  up  of  kyanite,  tourmaline,  hornblende,  hyperathene,  and 
other  undetermined  fragments.    In  this  specimen  the  characters 
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No,            No.            No, 

No. 

Minenl  Particle8.    Olieenred.  Bounded.  Subangnlar. 

Angular. 

Staurolite,             81          _            8 

23 

Garnet,                  65          19          12 

34 

Opaque  [Iron  oreB],72          20          18 

34 

Zircon,                   31          19            7 

5 
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of  the  different  particles  as  r^rds  roundness  or  angularity  were 
observed  and  noted,  as  shown  in  the  following  table : — 

Ayen^ 
Bounding 

1-26 
1-77 
1-8 
2-45 

Average  rounding  represented  by  1*82 

The  numbers  in  the  last  column  are  obtained  by  counting  3  for 
a  rounded  particle,  2  for  a  subaugular,  1  for  an  angular,  and 
'dividing  out  the  sum  by  the  number  of  particles  in  each  group 
— a  highly  artificial  method,  but  one  that  facilitates  comparison 
of  the  different  groups  one  with  another.  Here  the  iron  ores 
are  out  of  place,  and  the  zircons  relatively  too  high — ^in  all 
probability  for  reasons  that  have  been  already  detailed. 

II.  A  sample  of  river  sand  from  the  Spey  at  Craigellachie— 
i.e.,  just  before  the  river  sand  can  possibly  get  contaminated  by 
admixture  with  particles  derived  from  the  sandstones,  was  found, 
from  its  general  angularity,  to  be  incapable  of  numerical  treat- 
ment, but  its  general  characteristics  were  as  here  described.  No 
appreciable  rounding  of  the  quartz  grains  was  observed,  though 
they  certainly  did  not  all  of  them  present  the  marked  angularity 
of  the  quartz  grains  in  most  boulder  clays.  The  felspars  also 
were  angular.  Some  of  them  being  kaolinised  in  a  high 
degree,  did  exhibit  considerable  blunting  of  their  angles.  The 
flakes  of  chlorite  were  generally  rounded,  but  presented  rather 
frayed,  irregular  edges.  The  muscovites  showed  some  rounding 
of  their  prominent  angles,  but  were  generally  of  irr^ular  out- 
line. The  same  description  applied  to  the  biotites.  Hornblende 
was  present  in  minute  ragged-edged  fragments  that  showed 
no  tendency  whatever  to  rounding.  Garnets  were  notoriously 
angular.  The  zircons  occasionally  showed  ground  glass  surfaces, 
but  were  generally  angular.  These  results  fairly  conform  to  law, 
but  they  are  reaUy  so  trivial  as  to  prove  nothing.  Still  they 
must  represent,  so  far  as  the  rounding  process  is  concerned,  in 
at  least  a  proportion  of  the  particles,  the  net  result  of  not  less 
than  70  nules  of  water  carriage. 

III.  A  very  tine  grained  sandstone  from  the  slab  of  Hciop- 
tychiTia  found  at  Cuttieshillock,  now  in  the  Elgin  Museum,  and 
presumably  belonging  to  the  U.O.R  series.  This  specimen  was 
found  to  be  very  rich  in  heavy  particles.  These  were  roughly 
separated  by  the  method  of  Cams  Wilson,^  and  the  micas  in 

^  Nature^  vol.  xzxix.  p.  591. 
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another  sample  by  levigation,  and  examined  with  the  following 

result: — 


No. 

Sub- 

Average 

Hinenl  FMtidea. 

Observed. 

angnlar. 

Angular. 

Bounding. 

Toormaline, 

17 

4 

9 

4 

2 

Biofiite, 

36 

9 

16 

11 

2 

Opaque  [Ironore8],34 

17 

7 

10 

2-2 

Zhcan, 

72 

40 

16 

16 

2-3 

Sphene, 

21 

10 

9 

2 

2-4 

Muscovite, 

71 

48 

18 

5 

2-5 

Felspar,  1 
Quartz,  ) 

56 

23 

16 

17 

2-1 

58 

14 

14 

30 

1-7 

Average  rounding  represented  by        2"15 

The  quartz  and  felspar  particles  were  at  least  twice  the  diameter 
of  the  other  particles,  and  some  allowance  must  be  made  for  thia 
The  opaque  particles  are  again  too  low  to  be  exclusively  iron 
ores.  Biotite  is  relatively  to  the  muscovite  in  its  right  position, 
hut  is  relatively  too  low  as  compared  with  the  other  minerals. 
The  probable  reason  of  this  has  been  already  given. 

IV.  A  specimen  from  the  Culbin  Sands.  This  particular 
sample  was  fairly  rich  in  heavy  particles.  Great  differences  in 
this  respect  have  been  observed  in  these  sands,  as  also  in  regard 
to  the  general  degree  of  rounding  of  the  particles  presented  by 
different  specimens,  though  it  has,  no  doubt,  been  marked  in  all. 
Atpi^ent  I  can  only  offer  tentative  reasons  for  these  differences. 
The  following  results  were  obtained  in  the  specimen  examined: — 


No, 

Sub- 

Average 

Mineral  Particles. 

Observed. 

Rounded. 

angiilar. 

Angular. 

Rounding. 

Staurolite, 

2 

— 

— 

2 

1 

Kyanite, 

2 

— 

1 

1 

J -5 

Garnet, 

45 

13 

14 

18 

1-9 

Hornblende, 

5 

3 

1 

2-4 

Tourmaline, 

13 

8 

4 

2-5 

Opaque  [Iron  ores],10 

7 

3 

— 

2-7 

Sphene, 

9 

8 

— 

2-8 

Zircon, 

7 

7 





3 

Felapar, 
Quartz, 

16 

10 

5 

2-6 

16 

6 

9 

2-3 

Average  rounding  represented  by 


2-27 


Here  the  order  is  very  much  in  accordance  with  law,  but  the 
number  of  particles  in  some  of  the  groups  is  too  small  to  insure 
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a  fair  average.    The  quartz  and  felspars  were  here  also  much 
larger  than  the  other  fragments. 

V.  A  specimen  of  sand  from  the  sea-shore,  in  the  sandy  reach 
midway  between  Lossiemouth  and  Covesea,  was  found  to  be 
very  poor  in  heavy  particles.  This  sand  gave  the  following 
results : — 


No. 

Sub- 

Avtnge 

Mineral  Particles.    Observed. 

Bounded. 

angular. 

Angular. 

Roanding. 

Hornblende,           10 

_— 

6 

5 

1-5 

Kyanite,                   2 

— 

1 

1 

1-5 

Biotite,                   16 

3 

7 

6 

1-8 

Opaque  (Iron  ore),    3 

1 

1 

1 

2 

Chlorite,    '               4 

1 

2 

1 

2 

Muscovite,             20 

7 

9 

4 

2-2 

FelBpar,/                26\2Sl.'ruSy3?78 

13 
13 

19 
5 

1-7 
21 

Average  rounding  represented  by  1*8 

VI.  A  specimen  from  the  Eeptiliferous  of  Cuttieshillock  was 
foimd  to  be  notoriously  poor  in  heavy  particles.  So  was  a 
second  specimen  from  the  slab  of  Gordonia  DuffiaTia  in  the  Elgin 
Museum.  [It  is  interesting  to  compare  specimen  No.  III.  with 
this.  The  difference  as  regards  the  number  of  heavy  particles 
present  is  certainly  remarkable.] 


Ko. 

Aremp 

Mineral  Particles.       Observed. 

Bounded. 

Stibangolar. 

Angular. 

Bounding. 

Tourmaline,                  1 

— 

1 

— 

2 

Opaque  (Iron  ores),     6 

4 

2 

— 

2-7 

Zircon,                          5 

5 

— 

— 

3 

liutile,                          1 

1 

— 

— 

3 

Quartz,   \                   43 
Felspar,  J                   25 

33 

11 

1 

2-7 

20 

2 

3 

2-7 

Average  rounding  represented  by  2'7 

The  quartz  and  felspar  here  come  out  equal.  This  confirms 
a  previous  impression  that  the  felspars  were  more  frequently 
found  angular  relatively  to  the  quartz  particles  than  in  any  other 
formation.  The  general  percentage  of  felspar  in  this  series 
being  low,  the  reason  probably  is  that  most  of  the  felspars^ 
having  been  ground  to  dust,  only  those  that  have  been  carried 
a  relatively  short  distance  remain,  and  these  in  consequence  are 
in  large  proportion  angular. 

VII.  A  sample  from  the  matrix  of  the  L.O.R  conglomerate, 
GoUachy  Mill,  was  examined.     The  particles  of  this  specimen 
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were  ^nerally  so  ai^ular  that  results  were  not  represented 
numencally.  It  showed  a  small  number  of  heavy  particles, 
among  those  being  zircon,  usually  in  idiomorphic,  but  occasion- 
ally in  spindle-shaped  forms.  The  iron  ores  were  mostly  sub- 
angular.  The  garnets  were  in  angular  fragments,  but  some  of 
them  showed  idiomorphic  outlines.  Staurolite  was  present  in 
markedly  angular  fragments,  frequently  showing  chonchoidal 
fracture.  The  muscovites  were  many  of  them  rounded,  while 
some  of  the  biotites  showed  crescentic  edges.  The  felspars  were 
generally  angular,  though  an  occasional  fairly  rounded  specimen 
was  seen.  Of  the  quartz  grains  some  approached  subangularity, 
The  degree  of  rounding  of  these  latter,  though  not  much,  was  cer- 
tainly higher  than  in  the  specimen  of  river  sand  above  described, 
and  the  same  remark  applies  to  the  average  degree  of  rounding 
of  the  particles.  In  this  specimen  a  laige  number  of  very  angular 
fragments  of  a  dark  indigo-blue  schist  were  separated  among  the 
heavy  particles.  Similar  fragments,  but  of  much  less  intensity 
of  colour,  have  been  observed  in  the  sand  of  the  river  Fiddich — 
in  fEict  the  whole  facies  of  the  particles  of  this  specimen  have  a 
remarkable  resemblance  to  the  sand  of  that  river.  The  blue 
frj^mentB  have  been  provisionally  referred  to  ottrelite,  and  their 
angularity  is  ascribed  to  their  breaking  up  during  the  pre- 
liminary treatment  of  the  sand,  some  regular  crystals  possibly 
to  be  referred  to  barytes,  and  evidently  of  secondary  origin, 
were  also  observed  in  this  specimen. 
Collating  the  averages  of  these  results  we  get : — 

For    11.  Eiver  sand  of  Spey,  represented  by  a  number 

not  much  over,    .  .  .1 

„    VII.  L.O.R,  GoUachy  certainly  higher,  but  not,     .      1*5 
I.  Garnet  Sand,  Macduflf,  .  .  .1-8 

„       V.  Sea  Sand,  Lossiemouth,  .  .  .1*8 

„     III.  Upper  Old  Bed ;  Holoptychius  Slab,  .      215 

„     IV.  Culbin  Sands,  ....      2-27 

„     VI.  Eeptiliferous,  Cuttieshillock,  .  .  .      27  ^ 

It  will  thus  be  seen  that  the  two  highest  results  have  been 
obtained,  in  the  one  case  where  the  rounding  of  the  particles  is 
known,  in  large  part,  to  be  due, — ^in  the  other,  where.it  is  believed 
on  hypothetical  grounds  to  be  due  to  the  agency  of  winds. 

This  leads  us  to  investigate  why  wind  should  be  a  more 
potent  agent  in  the  rounding  process  than  water.  In  air  the 
particles  roll  with  their  full  weight  In  water  they  lose  weight, 
by  the  weight  an  equal  volume  of  water,  so  that  in  water  tihey 

^  These  nmnbera  are  not  in  any  way  proportional  to  the  degree  of  rounding  of 
the  Mveral  specimens.  If  we  snbtraet  1  from  each  number  the  results  shmild 
then  be  approximately  proportional. 
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roll  with  only  a  fraction  of  their  weight  This  is  one  reason 
why  much  larger  particles  are  moved  by  water  than  by  wind.  It 
should  be  remembered,  however,  that  in  the  rounding  of  the 
larger  particles  or  pebbles,  it  is  only  the  exceptional  force  of 
the  current  that  is  concerned,  whereas  in  the  case  of  wind,  a 
relatively  large  proportion  of  the  work  of  rounding  is  probably 
done  at  comparatively  low  velocities. 

To  compare  the  relative  efficiency  of  wind  and  water  as 
rounding  agents,  we  have — 

For  wind,  Ecc  ^^,   for  water,  R^^^f^H 
mil  wh 

...     wind  agency^    w     pp,  for  quartz=S|, 
water  agency    spg,  - 1  I'oo 

or,  wind  « 1-6  times  water. 

But  it  is  very  evident,  I  think,  that  the  relation  is  not  of  the 
simple  kind  now  stated.  The  momentum  of  the  moving  par- 
ticles at  the  time  of  impact  must  be  taken  into  account — iu 
other  words,  the  amount  of  rounding  will  be  in  proportion  to 
their  capacity  for  work  that  is  as  \mii^.    Now  m=s?spg  for  air, 

and  x»(iiR;-l)  for  water.    So  that  wind  agency^     ^f^""   ,. 

water  agency     Jar(«p^  -  lyc^- 
where  v  and  v^  are  the  velocities  of  wind  and  water  respectively. 

This  cancels  down  to     ^    ^g^^^y  ^      ^9         .     jj- ^^  gs  «w 
water  agency    [spg  - 1)  't^^ 

is  always  greater  than  spg  - 1,  and  v  than  v^  the  effect  of  wind 
over  water  must  be  marked. 

Take  the  following  hypothetical  case  for  a  particle  of  quartz 
of  spg  2'65,  the  velocity  of  water  beii^  two  nules  an  hour  and 
wind  eight  miles  an  hour.  What  is  the  relative  efficiency  of 
the  two  agents  ? 

wind  agency     2*65  x  64    on         i 

.     ^ — ^  =  i-s-c: — A   =29  nearly, 
water  agency     1*65  x  4  "^ 

or  wind  «  29  times  water  (nearly). 

From  the  law  of  squares  already  worked  out,  this  will  mean 
that  under  the  conditions  stated,  particles  less  than  ith  the 
diameter  of  those  rounded  by  water  will  be  rounded  to  an  equal 
degree  by  wind. 

These  are  no  doubt  somewhat  surprising  results,  but  I  am 
convinced  that  the  difference  between  the  two  agencies  in  rela- 
tion to  the  rounding  of  particles  of  sand  is  much  greater  than 
is  generally  supposed. 

Note. — ^The  relation  of  the  size  of  a  particle  to  the  force 
required  to  move  it  is  expressed  by  cfispgo^xh:^,  x  being  the 
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side  of  a  hypothetical  cube.     Supposing  the  substance  to  be 
constant  this  becomes — 

=  a;cct;2      Lor  a^cc^. 

That  is  to  say,  the  carrying  power  of  wind  or  water  varies  as: 
the  6th  power  of  the  velocity — a  result,  I  believe,  already  arrived 
at  for  water  (Prestwich,  Geology,  voL  L  page  83),  but  I  have  not 
been  able  to  consult  the  reference  there  given. — Quart.  Journal 
Geo.  Society,  voL  iv.  pp.  92-93. 

Starting  with  >sfxccv  (fi,  much  easier  formula  to  use),  we  have 
an  index  of  the  velocity  of  the  wind  necessary  to  move  a  particle. 
Thus  the  Culbin  sand  is  mostly  about  ^  inch  in  diameter,  but 
exceptional  samples  are  found  containing  grains  up  to  t^. 
These,  however,  are  less  rounded  than  the  tJtj,  showing  tihiat 
winds  of  sufficient  velocity  to  move  the  latter  are  exceptional  at 
the  present  day.  In  the  Beptiliferous  of  Elgin,  we  have  grains- 
up  to  t8u,  and  tiiese  are  more  rounded  than  the  xfc  of  the  present 
Culbins.  If  we  take  tJu  as  representing  the  particle  moved  by 
the  mean  average  velocity  of  the  wind,  say  10  miles  per  hour^ 
then  we  have  the  diameters,  being  respectively  as  1,  4,  8. 

For  Average  Gulbin  Sand,  ^/i  =  1 X 10  « 10 

„  Largest  Culbin  Sand,   n/4  =  2x  10  =  20 

„  Largest  Beptiliferous,  V8  =  2-83  x  10  =  28*3  miles  per  hour, 
as  the  velocities  required  to  convey  them. 

These  results  are  only  to  be  taken  as  approximate,  but 
observations  are  in  progress  that  make  for  establishing  a  more 
correct  result.  It  may  be  concluded,  however,  that  winds  over- 
25  mUes  an  hour  in  velocity  wei:e  a  much  more  frequent 
occurrence  in  Eeptiliferous  times  than  winds  over  20  miles  an 
hour  are  at  the  present  day. 
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XLV. — Geological  Notes  on  the  Excavations  at  the  Leith  Dock 
Extension,  1897.  By  J.  G.  Goodchild,  H.M.  Geol.  Survey, 
F.G.S.;  Curator  of  the  Collections  of  Scottish  Geology  and 
Mineralogy  in  the  Edinburgh  Museum  of  Science  and  Art* 

(Bead  29th  April  1897.) 

A  LABGE  area  contiguous  to  the  Old  Docks  at  Leith  has  lately 
been  enclosed  for  the  purpose  of  extending  the  accommodation 
for  shipping  there.  This  enclosed  area  has  been  drained,  and 
'excavations  are  now  being  made  there  to  a  depth  of  about  25 
feet  below  low-water  mark.  The  strata  exposed  consist  almost 
•entirely  of  superficial  deposits.  The  uppermost  of  these  are 
well-bedded  and  rather  fine-grained  quartzose  sands,  which  are 
interstratified  at  irregular  vertical  intervals  with  thin  bands  of 
loam.  There  is  very  little  false-beddins  seen.  A  few  imper- 
^istent  bands  of  fine  gravel  occur  in  places.  None  of  these 
.strata  exhibit  any  signs  of  such  disturbe^nces  as  might  arise  from 
the  impact  of  floating  masses  of  ice.  Towards  their  base  these 
beds  are  somewhat  more  loamy.  Their  total  thickness  varies 
with  the  form  of  the  beds  next  below,  but  it  nowhere  much 
exceeds  15  feet. 

The  included  organic  remains  consist  chiefly  of  moUusca,  of 
which  nearly  fifty  species  have  been  noticed.  Their  facies  is 
identical  with  that  of  the  moUusca  occurring  on  sandy  bottoms, 
within  the  laminarian  zone  on  the  East  of  Scotland  in  general. 
They  occur  in  variable  quantities  on  difierent  platforms,  most 
commonly,  however,  within  the  upper  few  feet ;  but  the  same 
assemblage  of  species  prevails  throughout  Many  of  the  shells 
occur  in  their  natural  positions  of  growth ;  while  a  fairly  large 
proportion  may  have  been  washed  up  from  the  lower  laminarian 
zones  during  storms,  or  have  been  transported  on  seaweed ;  and 
others,  again,  which  are  of  a  peculiarly  littoral  type,  may  have 
worked  downward  from  the  shore-line  under  the  influence  of 
gravitation.  Some  interesting  biological  problems  were  sug- 
gested by  an  examination  of  these  organic  remains.  An  account 
of  these  by  the  present  writer,  including  a  list  of  the  moUusca 

^  In  accordance  with  iuatructions  received  from  the  Council  of  the  Gmlogioal 
Society  of  Edinburgh,  Mr  James  Currie  and  the  writer  of  this  undertook  to  report 
•  on  the  excairations  referred  to  in  the  title  of  this  communication.  After  one  joint 
visit,  Mr  Currie  requested  the  present  writer  to  report  alone. 
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observed,  aud  some  remarks  upon  the  early  history  of  the 
marine  invertebrate  fauna  of  the  Forth,  appear  in  the  Transac- 
tions of  the  Eoyal  Physical  Society,  vol.  xiiL,  to  which  reference 
should  be  made  by  those  who  may  desire  further  details, 
especially  in  r^ard  to  the  mollusca. 

.  There  is  nothing  in  either  the  nature  of  these  sands  or  their 
organic  contents  to  show  that  they  have  any  claim  to  a  high 
antiquity.  For  aught  one  can  say  to  the  contrary,  the  whole  of 
the  deposit  might  have  been  formed  within  the  last  few  hundred 
years. 

These  sands  lie  abruptly,  and  without  the  slightest  trace  of  a 
jtfasage,  upon  beds  of  glacial  origin,  to  be  presently  referred  to 
in  more  detail.  The  abruptness  of  the  change  is,  doubtless,  to 
be  attributed  to  the  fact  that  there  have  been  several  uprises  of 
the  land  since  the  close  of  the  Glacial  Period,  each  of  which,  by 
increasing  the  gradient  of  the  river  bed,  and  thereby  accelerating 
the  flow  of  the  water  for  the  time  being,  has  led  to  the  removd 
at  successive  periods  of  the  several  deposits  previously  laid 
down. 

At  the  bottom  of  all  the  superficial  deposits  there  occur, 
here  and  there,  some  small  exposures  of  Lower  Carboniferous 
sandstones  and  shales,  which  it  is  very  likely  may  pertain  to 
the  Granton  Sandstones  and  the  overlying  Wardie  Shales.  A 
small  exposure  of  oil-shale,  similar  in  general  appearance  to  that 
occurring  in  the  Wardie  Shales  in  the  Graiglockhart  Cuttings 
on  the  north  side  of  the  Suburban  Railway  Station,  was  touched 
in  some  of  the  deeper  excavations. 

The  boulder  clay  is  probably  the  stratum  of  chief  interest  in 
the  present  excavation.  In  its  general  aspect  this  deposit  does 
not  differ  very  materially  from  the  till  of  the  lowland  areas  of 
the  Lothians  in  general.  A  dark  grey  sandy  clay,  tough  and 
extremely  difficult  to  work  when  freshly  exposed,  filled  almost 
everywhere  with  a  pell-mell  assemblage  of  stones  of  all  kinds, 
shapes,  and  size  (in  the  proportion,  roughly,  of  40  per  cent,  stones 
to  60  per  cent  matrix),  massive  nearly  everywhere,  or,  at  the 
most,  shewing  only  obscure  traces  of  bedding,  locally  diversified 
by  irregular  nests  and  pockets  of  gravel  mixed  with  clay  like 
the  bufl:  of  the  mass — ^in  all  these  particulars  the  boulder  clay 
at  Leith  agrees  well  with  the  normal  till  of  the  land  areas 
adjoining. 

In  one  or  two  important  respects,  however,  this  boulder  clay 
does  differ  from  the  normal  till.  This  latter  rock,  in  the  basin 
of  the  Forth  especially,  usually  contains,  nearly  uniformly  dis- 
tributed throughout  at  least  its  lower  parts,  a  fairly  high  per- 
centage of  weU-glaciated  stones ;  and  usually  also  it  includes 
bat  a  small  percentage  of  stones  upon  which  more  or  less 
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evident  traces  of  glacial  wear  caimot  be  detected  Moreover, 
the  normal  till  of  the  Basin  of  the  Forth  has  not  yet  been 
proved  to  contain  any  stones  which  have  clearly  not  been 
derived  from  areas  either  within  the  watershed  or  from  the 
country  lying  to  the  west  of  that  The  boulder  clay  at  Leith, 
on  the  other  hand,  is  variable  in  this  respect — some  parts  yield- 
ing a  considerable  number  of  well-glaciated  stones  congregated 
together,  and  with  only  a  very  small  percentage  not  shewing 
more  or  less  evident  traces  of  glacial  wear ;  while  in  other  parts 
of  the  boulder  clay  there  is  a  singular  rarity  of  such  glaciated 
material — a  large  percentage  being  angidar  and  more  or  less 
unworn  in  aspect  Furthermore,  although  fully  90  per  cent 
may  well  have  come  from  areas  mthin  the  basin  of  the  Forth, 
or,  at  any  rate,  from  some  part  of  the  region  over  which  the 
Ice  Sheet  is  known  to  have  moved,  other  stones  occur  whose 
origin  cannot  be  pointed  out  with  any  approach  to  certainty. 
Amongst  the  rocks  of  doubtful  origin,  there  were  at  one  spot 
many  angular  blocks  of  a  peculiar  sacchatoidal  sandstone,  some 
creamy  white,  and  superficially  resembling  statuary  marble, 
others  of  a  similar  texture  but  of  a  bright  red  colour.  These 
are  identical  in  appearance  with  some  rocks  associated  with  the 
Caledonian  Old  Bed  not  far  from  Montrose.  With  these 
occurred  a  boulder  of  andesitic  lava  like,  it  is  true,  one  of  the 
forms  common  in  the  Ochils,  but  containing  agates  of  the  type 
most  commonly  found  near  Montrose,  and  not  known  in  the 
Ochils.  It  will  naturally  occur  to  most  people  at  first  to  reganl 
these  as  possibly  having  been  derived  from  the  Ochils,  instead 
of  from  a  source  outside  of  the  Forth ;  but  in  the  same  boulder 
clay  occurred  at  least  three  examples  of  gneiss,  which  I  care- 
fully examined  on  the  spot.  One  of  these  was  nearly  identical 
with  the  epidositic  gneiss  of  lona,  a  rock  which  owes  its  special 
characteristics  largely  to  hydrometamorphism  which  has  taken 
place  immediately  below  the  base  of  the  overlying  Torridonians. 
No  rock  at  all  like  this  is  known  to  occur  anywhere  within  the 
area  traversed  at  any  time  by  the  Forth  branch  of  the  ice  sheet 
There  was  also  a  block  of  augen  gneiss,  and  another  of  granulitic 
garnetiferous  gneiss,  l^one  of  these  shewed  any  signs  of  having 
been  derived  at  secondhand  from  an  older  conglomerate  such  as 
occurs  at  the  base  of  the  Caledonian  Old  Red.  I  also  picked 
out  one  small  chip  of  a  Chalk  Flint  If  these  came,  as  I  suppose, 
from  areas  outside  the  Forth  Basin,  there  is  an  additional 
reason  for  referring  the  rocks  mentioned  above  to  sources  out- 
side of  the  Forth  also.  The  great  majority  of  the  other  boulders 
were  of  Dolerite,  and  were  mostly  of  the  type  occurring  at 
Queensferry  and  Cramond.  Schists,  andesites  from  the  Ochils, 
and  other  rocks  that  may  well  have  been  derived  from  the  areas 
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around  the  head  waters  of  the  Forth,  are,  as  might  be  exx)ected, 
by  DO  means  rare. 

As  is  usually  the  case  with  the  maritime  boulder  clays 
occurring  below  the  level  of  the  Forth,  the  surface  of  that  at 
Leith  is  locally  encumbered  with  large  blocks,  which  occur, 
sporadically,  between  the  boulder  clay  proper  and  the  base  of 
the  recent  sands  above.  These  are  probably  due  to  the  scouring 
action  of  the  river  water  upon  the  boulder  clay  when  it  happened 
to  form  the  surface  deposit  at  the  bottom  of  the  Forth.  The 
clay  has  been  slowly  washed  away  and  the  larger  stones  left 
behind,  exactly  as  occurs  in  exposures  of  boulder  clay  on  the 
shore  now,  as,  for  example,  bietween  Leith  and  Portobello. 
Those  who  are  inclined  to  regard  the  boulder  clay  at  Leith  as 
a  true  till  deposited  directly  from  land  ice  will  perhaps  be 
disposed  to  explain  the  presence  of  some  of  these  surface 
boulders  as  due  to  the  action  of  floating  ice  after  the  formation 
of  the  till,  properly  so  called,  had  ceased,  and  to  refer  to  them 
as  evidence  of  submergence. 

No  trace  whatever  of  any  form  of  life  could  be  detected  in 
the  boulder  clay  at  Leith — ^perhaps  for  the  reason  given  by  Mr 
Peach  when  this  paper  was  read,  that  the  water  in  which  the 
boulder  clay  was  dropped  was  too  muddy  and  perhaps  too  cold 
to  be  congenial  to  most  forms  of  life. 


As  regards  the  origin  of  the  boulder  clay  under  notice,  it 
is  not  easy  to  express  any  definite  opinion  which  would  be 
generally  recognised  as  of  value.  Were  it  not  for  the  presence 
in  this  clay  of  stones  which  seem  to  me  necessarily  to  have  been 
derived  from  sources  at  a  distance  from  any  part  of  Scotland 
traversed  by  the  Forth  branch  of  the  Ice  Sheet,  I  should 
certainly  have  been  disposed  to  regard  that  at  Leith  as  simply 
an  englacial  deposit  representing  the  mud,  silt,  and  stones, 
melted  out  of  the  stony  and  dirty  ice,  in  direct  contact  vrith  the 
ground  upon  which  the  boulder  clay  now  lies.  But,  after  all, 
there  coidd  not  be  much  difference  of  importance  between  a 
deposit  of  stones  and  mud  resulting  from  the  meltii^  of  dirty 
ice  which  was  floating  in  a  few  fathoms  of  water  and  the  till 
which  was  sedimented  from  land  ice  of  the  same  kind  directly 
upon  the  surface  of  the  rock.  I  am  certainly  inclined  to  regard 
the  former  as  having  been  the  cause  in  the  present  instance, 
because  that  explanation  will  permit  of  our  accounting  for  the 
occurrence  in  the  boulder  clay  of  stones  that  have  come  wp  the 
Forth,  and  are  associated  with  others  (the  great  majority)  which 
have  come  down  that  river  valley. 

If  the  Leith  boulder  clay  be  regarded  as  due  to  the  liberation 
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of  Stones  and  mad  from  floating  ice  after  the  climax  of  the 
Glacial  Period  had  passed,  and  the  land  was  standing  at  a  krel 
lower  hy  a  hundred  or  two  hundred  feet  than  it  has  at  present, 
we  can  readily  understand  how  rafts  of  coast  ice,  drifting  south- 
ward along  the  east  coast  of  Scotland,  might  occasionally  stiaj 
up  the  Forth  under  the  influence  of  the  winds  or  currents,  and 
drop  their  stony  and  muddy  burdens  along  with  the  materials 
melted  out  of  the  ice  of  local  origin.  A  boulder  clay  fonned 
under  these  conditions  would  thus  be  simply  the  deeper- water 
equivalents  of  the  deposits  forming  the  Hundred  Foot  beach. 
These  deposits,  as  is  well  known,  testify  by  both  their  contents 
and  the  local  disturbance  their  strata  have  undergone,  to  the 
occasional  presence  near  the  shore  of  masses  of  floating  ice, 
which  now  and  then  capsized  or  foundered  with  their  stony 
burdens  quite  close  to  the  shore. 

It  is  not  pretended  that  there  is  anything  novel  in  these 
views ;  on  the  contrary,  they  are  almost  word  for  word  repeti- 
tions of  what  has  been  many  times  said  by  others.  But  as 
there  is  in  existence  even  yet  an  active  body  of  writers  on 
glacial  matters  who  appear  to  think  that  the  Scottish  school  of 
glacialists  do  not  recognise  the  fact,  that,  besides  much  that  is 
the  product  of  land  ice,  there  are  also  deposits  of  glacial  origin 
which  have  been  formed  subaqueously,  it  is  as  well  to  raise 
one's  voice  once  again  upon  this  subject.  We  need  only  point 
to  such  deposits  as  those  at  Elie,  Errol,  Berwick-on-Tweed,  to 
say  nothing  of  the  newer  glacial  beds  of  the  Clyde  Valley,  as 
examples  of  deposits  which  are,  and  always  have  been,  univer- 
sally recognised  as  having  originated  in  this  manner.  The  fact 
that  some  geologists  regard  certain  other  deposits  as  having 
originated  as  the  moraine  profonde  of  the  Ice  Sheet,  or  that  the 
majority  of  other  geologists  now  regard  as  sediments,  melted 
in  situ  out  of  the  dirty  parts  of  that  ice  in  contact  with  tlie 
ground,  as  I  suggested  in  1874,^  does  not  preclude  us  from 
recognising  the  possible  subaqueous  origin  of  certain  deposits 
elsewhere  (such  as  parts  of  the  boulder  clays  of  East  Anglia), 
whose  structure  and  composition  can  be  more  satisfactorily 
accounted  for  on  the  theory  that  they  were  deposited  from 
floating  ice  during  a  period  of  submergence,  instead  of  resembling 
the  till  in  having  had  an  englacial  origin  from  land  ice. 

'  Goodchild,  "  On  Drift,"  Geol.  Mag.,  November  1874. 
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XLVL — Dr  Heddle  and  his  Geological  Work.  By  J.  6.  Good- 
child,  H.M.  Geol.  Survey,  F.G.S.,  F.Z.S.,  Curator  of  the 
Collections  of  Scottish  Geology  and  Mineralogy  in  the 
Edinburgh  Museum  of  Science  and  Art.     (Plate  XX.) 

(Read  16th  December  1897.) 

Matthew  Forster  Heddle  was  the  younger  son  of  Robert 
Heddle  of  Melsetter,  Hoy,  Orkney,  where  he  was  bom  in 
1828.  His  ancestors  on  both  sides  were  of  Scandinavian 
descent :  it  was  therefore  to  be  expected  that  some  of  the  most 
prominent  characteristics  of  the  Xorsemen  should  manifest 
themselves  in  his  person  sooner  or  later  in  life.  It  is  to  the 
antecedents  of  his  forefathers,  quite  as  much  as  to  the  nature  of 
the  surroundings  amongst  which  he  passed  his  earlier  days, 
that  we  may  attribute  many  of  the  characteristics  which  dis- 
tinguished him  in  later  life.  From  his  boyhood  he  had  been 
accustomed  to  wander  amongst  the  dangerous  precipices  and 
lofty  sea-cliflfs  of  his  native  islands,  of  which  it  has  been  said 
that "  there  no  man  dies,  for  each  one  breaks  his  neck  " ;  and 
he  had,  further,  been  early  accustomed  to  trust  himself  alone  in 
a  small  boat,  in  which  he  often  traversed  the  wild  seas  of  the 
Orkneys,  or  found  his  way  from  place  to  place  along  the 
dangerous  coast-lines  of  those  parts.  Surroundings  like  these 
could  not  fail  to  leave  a  strong  impress  upon  the  character  of 
any  thoughtful  and  reflective  youth ;  and  those  who  knew 
Heddle  in  after-life  had  no  difficulty  in  tracing  the  development 
of  many  of  his  characteristics  to  the  influence  of  these  sur- 
roondings.  It  was  to  these  early  associations  that  he  owed 
much  of  his  very  strong  self-reliance ;  his  readiness,  wlien  need 
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be,  to  face  danger  ;  his  fondness  for  things  mysterious,  vast,  and 
impressive ;  and,  lastly,  the  development  of  a  powerful  bodily 
frame  and  a  strong  constitution. 

From  Orkney  he  went  to  school  at  the  Edinburgh  Academy. 
There  he  seems  early  to  have  distinguished  himself  by  his  readi- 
ness to  do  l)attle  on  behalf  of  his  weaker  school-fellows.  One 
or  two  stories  told  about  him  while  there  show  him  to  have 
l)een  possessed  of  considerable  self-control,  fortitude,  and  pluck. 
Some  other  stories  connected  with  his  life  at  the  Academy  are 
told  in  the  well-known  "  Chronicles  of  the  Canning  Club,"  to 
which  those  interested  in  further  details  are  referred. 

Alter  leaving  the  Academy,  Heddle  went  to  Merchiston 
Castle,  where  we  have  records  of  hun  in  1842,  *43,  and  '44. 
While  there  he  stayed  with  the  genial  author  of  "Rab  and  his 
Friends,"  to  whose  influence  Heddle  was  wont  to  attribute  his 
tastes  for  natural  science,  and  much  else  that  was  good  in  the 
later  years  of  his  life.  At  Merchiston  he  helped  to  found  a 
school  Natural  History  Society,  whose  membei-s  energetically 
worked  at  the  zoology  and  botany  of  the  neighbourhocxl. 
Amongst  those  who  were  fellow-members  with  Heddle  were 
Lauder  Lindsay  of  Perth,  Wyville  Thomson,  Lawson  of  Dal- 
housie  College,  Canada,  Howden  of  Montrose,  and  others  hardly 
less  well  khown.  It  was  at  this  stage  of  his  career  that  he 
seems  to  have  begun  to  develop  that  propensity  for  collecting 
which  became  his  most  dominant  characteristic  in  after-life. 
He  began,  it  is  said,  by  collecting  shells ;  and  in  the  end  he 
acquired,  by  this  means,  no  inconsiderable  knowledge  of  con- 
chology.  He  also  got  together  the  materials  for  a  good 
herbarium.  It  was  an  incident  connected  with  this  latter 
which  determined  in  what  direction  his  collecting  instiiiete 
should  lead  him  in  after-life.  It  is  said  that  he  had  one  day 
lent  this  herbarium  to  a  friend,  who,  by  an  unfortunate  acci- 
dent while  out  driving,  dropped  the  herbarium  while  he  was 
crossing  a  stream,  whereby  the  results  of  several  years*  work 
were  utterly  ruined.  Heddle  made  up  his  mind,  after  this  un- 
toward accident,  to  collect  no  more  things  which  could  l>e  so 
easily  destroyed,  and  then  straightway  began  to  collect  stones 
in  their  stead.  The  commencement  of  his  geognostical  work 
may  be  said  to  have  dated  from  the  period  when  that  resolve 
was  made. 

Al)out  this  time  he  entered  as  a  medical  student  at  the 
University  of  Edinbui-gh,  and  underwent  that  course  of  training 
which  has  always  constituted  one  of  the  very  best  possible 
foundations  for  scientific  work  of  almost  any  kind.  At  the 
conclusion  of  his  medical  course,  he  went  to  Germany  to  study 
chemistry  and  mineralogy,  going  first  to  Clausthal  and  then  to 
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Freiburg.  Regarding  Heddle  in  after-life  as  a  geognoser,  one 
cannot  fail  to  perceive  how  the  influence  of  the  particular  kind 
of  teaching  imparted  to  him  at  these  seats  of  learning  pervades 
much  of  what  he  thought  and  wrote.  He  returned  to  Edin- 
burgh, and  graduated  as  M.D.  in  1851,  taking  as  his  graduation 
thesis  "  The  Ores  of  the  Metals.*' 

Soon  after  taking  his  medical  degree,  he  commenced  practice 
in  Edinburgh,  somewhere  in  the  neighbourhood  of  the  Grass- 
market.  His  reminiscences  of  this  part  of  his  life  do  not 
appear  to  have  been  altogether  pleasant,  and  who  that  knows 
the  neighbourhood  and  the  people  can  wonder  at  that  ?  The 
dismal  and  squalid  nature  of  his  8urroundinj]5s,  the  low  in- 
tellectual grade  of  the  people  amongst  whom  his  lot,  for  the 
time  being,  was  cast ;  the  absence  of  any  prospect  of  obtaining 
more  than  the  very  smallest  remuneration  for  the  hard  work 
he  had  to  undei'go,  all  seemed  to  combine  to  make  him  look 
forward  to  the  time  when  he  might  escape  from  the  duties  of 
a  profession  which  was  evidently  so  imcongenial  to  his  natural 
tastes  and  inclination.  If  I  may  judge  from  what  I  saw  of 
Dr  Heddle  during  a  few  years'  fairly  close  acquaintance  with 
him  in  the  field,  in  the  museum,  in  the  study,  and  by  his 
bed-side,  I  should  say  that  Nature  may  have  intended  him  for 
any  one  of  many  professions.  He  was  pre-eminently  adapted 
to  become  a  first-rate  actor;  he  would  have  made  a  clever 
lawyer;  as  a  mechanician  his  talents  showed  themselves 
equally  well ;  he  was,  as  we  all  know,  eminent  as  a  mineralogist ; 
he  proved  an  excellent  geognoser ;  but,  assuredly,  he  did  not 
possess  that  particular  combination  of  special  gifts  and  acquire- 
ments which  leads  to  success  in  the  medical  profession.  So 
Dr  Heddle  eventually  turned  his  attention  from  medicine,  and 
for  the  remainder  of  his  life  devoted  it  to  chemistry  and 
geognosy.  It  is  well  for  the  scientific  world  that  he  did  so, 
for  the  line  of  work  that  he  then  elected  to  adopt  eventually 
led  to  his  becoming  one  of  the  foremost  mineralogists  of  his 
day. 

In  1856,  soon  after  the  date  of  this  resolve,  he  chartered  a 
boat  and  went  to  Faroe,  where  he  succeeded  in  obtaining  an 
extensive  collection  of  zeolites  from  the  Tertiary  volcanic  rocks. 
By  means  of  the  numerous  duplicates  so  obtained,  he  was 
enabled  to  etfect  advantageous  exchanges  with  other  miner- 
alogists, and  by  this  means  he  formed  the  nucleus  around 
which  gathered  his  large  general  collection  of  minerals. 

For  several  years  he  acted  as  assistant  to  Professor  Connell, 
who  held  the  Chair  of  Chemistry  at  the  University  of  St 
Andrews;  and  all  through  Connell's  long  illness  and  absence 
from  the  Lecture-Room  there,  Heddle  filled  his  place.     When 
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the  professorship  at  last  became  vacant,  which  was  the  case  in 
1862,  Dr  Heddle  succeeded  to  the  post. 

Dr  Heddle  fiUed  the  Chair  of  Chemistry  at  St  Andrews 
for  twenty  years.  He  was  very  popular  with  the  students 
for  many  reasons,  but  chiefly  because  he  was  an  admirable 
lecturer,  good  at  experiments  and  practical  work,  and  possessing 
the  gift — unfortunately  so  rare  in  those  who  hold  such  appoint- 
ments— of  inspiring  his  students  with  enthusiasm. 

In  1880  he  was  invited  by  a  well-known  financier  to  act 
as  consulting-mineralogist  in  connection  with  some  gold-mines 
in  South  Africa.  After  taking  due  precautions  as  regards 
possibilities  in  the  future,  in  which  part  of  the  transactions 
Dr  Heddle's  turn  for  matters  pertaining  to  law  came  into 
useful  prominence,  he  vacated  the  Chair  at  St  Andrews,  and 
went  to  South  Africa.  But  after  making  a  full  and  proper 
inspection  of  the  evidence  on  the  ground,  he  felt  himself 
unable  to  endorse  some  of  the  statements  that  had  been  made 
regarding  the  enterprise  referred  to.  This  step  led  to  his 
return  to  Britain,  and  to  some  legal  proceedings,  in  which  he 
won  his  case.  It  may  be  mentioned  that  it  was  from  the 
annuity  which  his  foresight  and  legal  acumen  enabled  him  to 
secure  from  this  undertaking,  that  he  drew  part  of  his  income 
in  the  later  years  of  liis  life. 

Mineralogy  formed  the  chief  of  Dr  Heddle's  many  pursuits. 
It  was  upon  this,  his  favourite  science,  that  nearly  all  his 
energy,  his  time,  his  thought,  and  also  large  sums  of  money 
were  expended.  It  is  a  matter  of  common  knowledge  how,  in 
the  course  of  a  long  and  active  life,  he  acquired  one  of  the 
finest  general  collections  of  minerals  ever  amassed  by  any 
one  man,  and  also  how,  during  the  same  tmie,  he  diligently 
explored  nearly  every  mountain  and  glen,  and  almost  every 
part  of  the  coast  of  Scotland,  in  search  of  minerals.  With 
Mr  Patrick  Dudgeon  of  Cargen,  Mr  Harvie- Brown  of  Dunipace, 
Mr  James  Currie,  junr.,  and  a  few  other  chosen  friends  of 
similar  tastes,  he  visited  every  locality  for  minerals  which 
previous  observers  had  recorded,  and  furthermore,  himself 
added  a  very  large  number  of  new  localities  to  the  list  of  those 
previously  known.  These  visits  resulted  in  the  acquisition  of 
the  celebrated  "Heddle  Collection  of  Scottish  Minerals,"  the 
finest  local  collection  in  the  world.  Eventually  cireumstanc^es 
led  to  Dr  Heddle  and  some  friends  making  an  arrangement 
whereby  his  Collection  of  Scottish  Minerals  became  the  property 
of  the  nation.  They  are  now  located  in  the  Gallery  of  Scottish 
Geology  and  Mineralogy  in  the  Edinbui"gh  Museum  of  Science 
and  Art,  where  their  arrangement  was  begun  by  Dr  Heddle 
and  is  being  completed  by  the  writer  of  this  notice. 
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Dr  Heddle  wrote  a  large  number  of  papers,  chiefly  on 
iniDeralogical  subjects.  The  majority  of  one  section  of  these 
appeared  in  the  Mineralogical  Mar/azine,  under  the  general  title 
of  **  The  Geognosy  and  Mineralogy  of  Scotland."  They  include, 
as  the  title  suggests,  contributions  to  the  Geology,  as  well  as  to 
the  Mineralogy  of  the  Doctor's  native  land.  Another  group  of 
contributions  was  published  in  the  Transactions  of  the  Royal 
Society  of  Edinhicrghy  under  the  general  name  of  "  Chapters  on 
the  Mineralogy  of  Scotland."  Those  who  will  take  the  trouble 
to  peruse  the  above-mentioned  papers  carefully,  will  find  them 
full  of  terse  statements,  charged  with  suggestive  matter,  and 
embodying  many  original  ideas.  Not  a  few  of  these  appeared 
before  the  time  when  people  in  general  were  quite  prepared  to 
receive  them,  and  they  have  consequently  (as  is  usual  in  such 
cases)  been  somewhat  extensively  appropriated  (generally 
without  acknowledgment)  by  writers  whose  stock  of  original 
ideas  has  been  more  limited.  For  some  of  these  researches  Dr 
Heddle  was  awarded  the  Keith  Medal  of  the  Royal  Society  of 
Edinburgh  in  1878.  He  contributed  much  to  Greg  and  Lett- 
som's  "  British  Mineralogy,"  the  whole  revision  of  which,  before 
publication,  was  entrusted  to  him,  and  he  wrote  the  article 
"  Mineralogy  "  in  the  ninth  edition  of  the  Uncydopctdia  Britan- 
nica. 

He  was  one  of  the  founders  of  the  Mineralogical  Society  of 
Great  Britain  and  Ireland,  and  was  one  of  their  earliest  presi- 
dents. He  was  also  at  one  time  President  of  the  Geological 
Society  of  Edinburgh,  and  while  holding  that  office  was  instru- 
mental in  urging  upon  the  Government  of  the  day  the  import- 
ance of  instituting  a  Geological  Survey  of  Scotland.  He  was 
ako  one  of  the  oldest  members  of  the  Royal  Physical  Society, 
and  took  an  interest  in  its  welfare  to  the  end  of  his  life. 

Reference  has  already  been  made  elsewhere  to  the  fact  that, 
for  many  years,  Dr  Heddle  had  been  engaged  on  a  compre- 
hensive work  on  the  "  Mineralogy  of  Scotland,"  of  which  the 
greater  part  of  the  manuscript  was  completed  by  himself,  and 
of  whicli  the  illustrations,  consisting  chiefly  of  most  beautiful 
and  delicately-drawn  flgures  of  crystals,  to  the  number  of  over 
six  hundred,  were  also  nearly  all  completed  by  the  same  skilful 
hand.  This  work  is  being  edited  and  completed  by  Dr  Heddle's 
old  friend,  Mr  Alexander  Thorns,  and  the  writer  of  this  notice, 
and  will  shortly  be  published  in  the  form  of  two  handsome 
royal  octavo  volumes,  by  Mr  David  Douglas. 

Regarding  Dr  Heddle's  pei-sonal  characteristics,  one  or  two 
other  points  call  for  remark.  Allusion  has  already  been  made 
to  his  strong  dramatic  instincts,  to  his  histrionic  talents,  to  his 
fondness  for    receiving    mental    impression  of   things  grand, 
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mysterious,  and  v€wt,  as  well  as  to  his  equally-marked  fondness 
for  impressing  others  with  conceptions  of  the  same  kind.  There 
must  be  very  few  of  Dr  Heddle's  acquaintances  who  have  not 
been  aware  of  this  characteristic  of  his.  It  was  his  power  of 
mimicry,  strong  sense  of  the  ludicrous,  powerful  dramatic 
instincts,  and  fondness  for  impressing  those  around  him,  which 
combined  to  make  him  one  of  the  grandest  story-tellers  Scotland 
has  ever  known.  Give  him  a  few  striking  facts  and  a  second  or 
two  to  think  over  them,  and  he  would  found  upon  these  a  story 
which  would  command  the  attention  and  interest  of  all  within 
hearing.  Like  Turner  with  the  details  of  a  landscape  in  liis 
mind,  the  Doctor  would  think  over  and  rearrange  his  facts, 
adding  an  artistic  touch  here,  enlai^ing  there,  throwing  sub- 
ordinate facts  into  the  background,  and  embellishing  with 
minor  details  here  and  there  throughout,  until  the  whole  wa.s 
grouped  into  a  striking  and  harmonious  word-picture.  There 
was  a  marvellous  verisimilitude  about  some  of  his  stories ;  so 
marvellous,  in  fact,  that  it  occasionally  happened  that  a  few 
shallow-pated  listeners  accepted  the  whole  story  as  perfectly 
true. 

Another  characteristic  of  Dr  Heddle's  calls  for  remark.  All 
of  his  acquaintances  were  fully  aware  of  the  fact  that,  for  some 
few  years  past,  he  enjoyed  bad  health.  But  so  powerful  was 
his  interest  in  his  favourite  pursuits,  that  the  very  mention  of 
them  would  generally  make  him  forget  all  his  ailments,  i-eal 
and  imagined,  and  he  was  then  able  to  perform  great  walkhig 
feats,  or  to  climb  high  mountains,  to  wield  ponderous  hammers, 
or  to  carry  heavy  bags  of  stones,  each  to  an  extent  which  few 
much  younger  men  could  well  imitate.  The  large  size  of  his 
hammers  was  very  well  known  to  his  friends.  Even  his  alpen- 
stock was  bigger  than  anyone  else's,  and  one  may  truly  say  of 
it,  as  was  said  of  the  timber  carried  by  one  of  the  giants  of  old, 
that  his  staff "  was  like  a  weaver's  beam." 

Like  most  other  persons  of  strongly  marked  character,  the 
Doctor  evinced  strong  likes  and  dislikes,  and  therefore  occa- 
sionally made  enemies.  But  his  dislikes  to  the  persons  in 
question  were  usually  founded  upon  their  having  violated  some 
principle,  and  not  upon  some  motive  aflecting  himself  I 
cannot  recall  a  single  instance  of  the  contrary.  In  the  case  of 
a  small  number  of  persons  of  whose  public  conduct  the  Doctor 
had  more  or  less  reason  to  disapprove,  the  very  mention  of  their 
names,  even  when  he  was  in  a  state  of  extreme  bodily  and 
mental  prostation,  acted  upon  him  like  the  sound  of  a  trumpet- 
call  to  an  old  warhorse,  and  then  those  around  him  had  the 
greatest  ditficulty  in  bringing  him  back  to  a  state  of  quiet. 

For  myself,  who  had  much  to  do  with  Dr  HeddJe,  I  niajr 
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say  that,  taking  him  all  in  all,  I  looked  up  to  him  mucli  as 
Boswell  looked  up  to  Johnson.  Like  his  prototype,  he  did 
much  original  work  of  good  quality,  and  in  the  face  of  many 
difficulties  ;  like  Dr  Johnson  he  never  sought  honours  (so  none 
were  conferred  on  him) ;  like  Dr  Johnson  he  never  appropriated 
other  men's  ideas ;  and,  like  Dr  Johnson  also,  he  was  much 
given  to  doing  kindly  acts,  in  a  quiet  way,  towards  his  fellow- 
men,  and  looking  for  no  reward.  The  memory  of  one  of  whom 
we  can  truly  say  these  things  must  surely  long  remain  fresh  in 
the  minds  of  men  of  science. 


To  the  scientitic  world  in  general,  Dr  Heddle  was,  of  course, 
best  known  in  connection  with  mineralogy.  But  no  one  who 
has  attentively  considered  his  various  writings  on  that  branch 
of  science,  can  fail  to  perceive  that  his  contributions  to  geology, 
especially  in  his  papers  on  the  Geognosy  of  Scotland,  were 
hardly  of  less  importance  than  his  mineralogical  work.  In 
Dr  Heddle's  student  days  geology,  in  the  modem  sense  of  the 
word,  may  be  said  hardly  to  have  come  into  existence ;  and 
those  who  had  begun  to  pursue  that  branch  of  science  had  at 
first  to  feel  their  way  very  much  in  the  dark.  Most  of  the 
earher  work  on  the  continent  and  in  Scotland  had  to  do  chiefly 
with  the  materials  of  the  earth's  surface,  and  was  very  little 
concerned  with  any  deductions  that  might  be  drawn  from  thg 
study  of  those  materials  regarding  either  their  relations  to  the 
history  of  the  earth  in  the  past,  or  to  its  architectural  features 
of  the  earth  at  present.  Geognosy,  indeed,  may  be  justly  re- 
gaided  as  a  sister  science  to  Mineralogy,  and  as  the  parent  of 
the  modem  sciences  of  Chemical  Geology  and  Petrography.  It 
is  largely  owing  to  the  researches  of  the  pioneers  in  this  branch 
of  geology  that  much  of  our  present  knowledge  is  due. 

Dr  Heddle  may  be  said  to  have  had  two  principal  objects  in 
going  into  the  field :  firstly,  to  collect  great  quantities  of  the 
lai^t  and  finest  specimens  of  Scottish  minerals  with  his  own 
hands;  and  secondly,  to  gratify  his  fondness  for  things  vast, 
grand,  and  impressive,  and  for  doing  what  other  men  had 
attempted  to  do  and  had  failed. 

These  motives  led  Dr  Heddle  to  explore  almost  every  known 
Scottish  locality  for  minerals,  and.  in  doing  so,  often  to  climb 
where  it  was  dangerous,  or  to  land  where  few  else  would 
venture,  or  to  risk  having  to  pass  the  night  on  moors  remote 
from  any  human  habitation.  This,  too,  at  a  time  when  there 
^ere  no  Ordnance  maps  in  existence,  and  few  others  upon 
which  very  much  reliance  could  be  placed.  We  are  apt  to 
forget  about  these  matters  in  these  days  of  easy  travelling. 
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when  first-rate  maps  are  to  be  had,  and  housing  accommodation 
can  always  be  counted  upon. 

Thus  it  came  about  that  Dr  Heddle,  while  regarding  nearly 
all  geological  questions  from  the  standpoint  of  the  chemist, 
yet  did  a  large  amount  of  field-work.  If  any  proof  were 
required  of  this,  one  need  only  refer  to  the*  geological  maps  of 
Orkney,  Shetland,  and  Sutherland  in  his  Geognosy  of  ScotlantL 
In  addition  to  these  important  published  contributions  to  the 
Greology  of  Scotland,  Dr  Heddle  had  for  many  years  been 
engaged  upon  a  geological  map  of  Aberdeen,  Elgin,  Xaim  and 
Banff,  and  some  of  the  adjoining  parts  of  Inverness,  which  he 
never  completed.  When  it  is  considered  how  little  was  actually 
known  regarding  the  geological  structure  of  large  parts  of  these 
areas,  it  must  be  matter  for  wonder  how  any  one  man,  working 
single-handed,  bearing  his  own  expenses,  and  hampered  by 
having  to  work  with  unreliable  maps,  and  by  the  innumerable 
difficulties  presented  by  both  the  nature  of  the  ground  and  the 
complicated  structures  of  the  rocks,  could  accomplish  so  much 
in  a  single  lifetime.  If,  of  this  part  of  Dr  Heddle's  work,  it 
has  happened,  in  a  few  cases,  that  fuller  investigations  had  led 
to  different  interpretations  of  the  facts,  all  must  admit  that, 
like  MacCuUoch,  Nicol,  Hay  Cunningham,  and  others,  he 
helped  very  materially  to  lay  the  foundations  of  our  present 
knowledge  of  the  Geology  of  Scotland;  and,  like  other  early 
workers,  lie  often  made  statements  and  recorded  facts  which 
were  questioned  for  a  time,  then  accepted,  and,  ultimately, 
credited  to  later  writers. 

Amongst  what  we  may  tenn  Dr  Heddle's  minor  contributions 
to  geology,  special  attention  may  be  called  to  his  observations 
on  the  nature  of  pegmatites.  Dr  Heddle  devoted  very  con- 
siderable attention  to  these  interesting  forms  of  crystalline 
rock,  and  much  that  he  wrote  about  them,  being  based  entirely 
upon  his  extensive  and  close  observation  in  the  field,  is  both 
suggestive  and  valuable,  and  contained  ideas  which  were  very 
far  in  advance  of  the  general  knowledge  of  the  time  at  which 
he  wrote ;  and  it  is  perhaps  hardly  going  beyond  the  mark,  to 
state  that  Dr  Heddle's  views  regarding  pegmatites  are,  even 
yet,  ahead  of  any  others. 

Upon  another  point  of  geological  importance  he  was  the 
first  to  pronounce  with  decision.  Normal  granite  consists  of  a 
holocrystnlline  compound,  with  granitic  structure,  of  quartz  and 
'potash  felspar,  with,  or  without,  other  constituents.  Dr  Heddle 
pointed  out,  in  his  "  Chapters  on  the  Mineralogy  of  Scotland," 
when  refening  especially  to  the  grey  granite  of  Aberdeenshire, 
that  the  dominant  felspar  in  this  granite  was  not  Orthoclase, 
nor  a  potash  felspar  of  any  kind,  but  the  soda-lime  felspar 
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Oligoclase.  Subsequent  investigation  has  abundantly  proved 
the  truth  of  this  statement,  and,  furthermore,  has  shown  that 
it  is  true  also  of  the  great  majority  of  Scottish  granites.  He 
was  also  the  first  to  point  out  the  relative  abundance  of 
Microcline,  especially  in  Scottish  pegmatites,  in  which  the 
felspars  are  usually  Oligoclase  together  with  this  form  of  potash 
felspar.  A  further  generalisation  of  Dr  Heddle's  with  regard 
to  the  felspars,  was  the  comparative  rarity  of  Albite  in  Scottish 
rocks,  and  the  abundance  and  wide  diffusion  amongst  the  sub- 
basic  and  basic  erupture  rocks  of  Labradorite.  All  these 
genemlisation  are  geological  points  of  considerable  importance. 

Then,  with  regard  to  the  micas,  he  has  shown  that  of  the 
dark  micas  the  commonest  in  both  the  erupture  and  the 
gneissose  rocks  of  Scotland  is  Haughtonite,  while  Biotite  proper 
is  almost  confined  to  thermo-metamorphosed  limestones. 

Another  of  Dr  Heddle's  generalisations,  which  has  important 
geological  bearings,  relates  to  the  specific  heat  of  colloid  sub- 
stances as  compared  with  that  which  the  same  substances 
have  when  in  the  crystalline  condition.  Applying  the  principle 
to  limestones,  he  pointed  out  that  in  the  change  from  the 
amorphous,  or  original  form,  to  the  crystalline  form  which  they 
subsequently  assume  under  particular  conditions,  a  quantity  of 
heat  equivalent  to  the  difference  between  the  specific  heat  in 
the  amorphous  and  that  in  the  crystalline  condition  has  been 
liberated.  He  stated  his  belief  that  the  heat  thus  disengaged 
was  sufficient  to  produce  very  important  modifications  upon 
the  surrounding  rocks.  In  the  Gallery  of  Scottish  Geology 
and  Mineralogy  in  the  Edinburgh  Museum  of  Science  and  Art, 
he  has  displayed  specimens  of  his  own  collecting  which  he 
believed  bore  out  this  principle  very  fully. 

Another  point  related  to  the  last,  and  also  of  importance  in 
connection  with  rocks  of  metamorphic  origin,  upon  which  he 
often  spoke  (but  the  present  writer  is  not  aware  that  he  ever 
published  it),  relates  to  the  fact  that,  when  rocks  are  affected  by 
dynamic  action,  part  of  the  energy  of  motion,  as  is  well  known, 
is  converted  into  the  enerjijy  of  heat ;  but  that  if  the  dynamic 
cause  operates  a  second  time,  after  the  heat  has  been  so 
disengaged,  the  rock  simply  breaks  up,  with  little  or  no  dis- 
engagement of  heat.  He  believed  that  one  of  the  chief  effects 
of  the  dynamic  action  was  to  develop  a  crystalline  structure  in 
rocks  that  had  been  previously  amorphous,  and  that  the  heat 
liberated  was  chiefly  that  due  to  the  difference  in  the  specific 
heat  in  the  two  states.  [Dr  Heddle*s  conclusion  might  be 
pushed  further  and  applied  to  explain  the  development  of 
granulitic  structure  in  dynamically  metamorphosed  rocks, 
which  structure  would  thus  appear  to  be  due  to  the  effects 
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of  a  second  movement  after  the  crystalline  stage  had  been 
developed,  provided  that  these  rocks  had  not  in  the  meantime 
been  exposed  to  heat  from  outside  sources,  or,  in  other  words, 
annealed. — J.  6.  G.] 

In  another  of  Dr  Heddle's  unpublished  statements,  he  ex- 
pounded some  of  the  laws  that  govern  the  rounding  of  grains 
of  sand.^  In  this  some  important  and  valuable  suggestions 
were  made,  some  of  which  the  present  writer  has  adopted 
(with  acknowledgment)  and  extended,  in  a  paper  read  before 
the  Edinburgh  Geolc^cal  Society  on  "Desert  Conditions  in 
Britain." 

Along  another  line  of  enquiry  Dr  Heddle  had  worked  for 
many  years.  This  was  in  connection  with  the  origin  and 
structui-e  of  agates — ^a  subject  which  he  may  be  said  to  have 
made  almost  peculiarly  his  own.  Many  of  the  conclusions 
possess  an  interest  chiefly  for  the  physicist ;  but  amongst  those 
which  are  of  interest  to  the  geologist  may  be  mentioned  his 
remarks  upon  the  formation  of  the  onyx  bands  in  agates. 
These,  he  has  shown,  were  deposited  within  the  agate  in  an 
absolutely  horizontal  position,  and  at  an  early  stage  in  the 
history  of  the  rocks  in  which  they  occur,  and  almost  invariably 
before  any  disturbance  affected  those  rocks.  [Any  inclination 
these  onyx  bands  may  now  possess  is  therefore  a  measure  of 
dip  of  the  rocks,  and  is,  perhaps,  the  only  means  we  possess  of 
measuring  the  angle  through  which  a  lava  has  been  moved 
subsequently  to  its  consolidation. — J.  G.  G.] 

Dr  Heddle  specially  prided  himself  upon  his  contributions 
to  the  history  of  dolomitisation  of  limestones.  He  was  one  of 
the  first  to  show  that  in  the  conversion  of  a  normal  limestone 
into  dolomite  a  certain  easily-estimated  diminution  of  volume 
took  place,  whi(th,  as  he  and  others  have  pointed  out,  has  led 
to  the  formation  of  a  carious  structure  in  the  rock,  and  to  the 
development  of  the  well-known  geodes  that  characterise  lime- 
stones which  have  been  converted  into  dolomite. 

Lastly,  reference  may  be  made  to  the  germs  of  another 
principle  of  geological  importance  of  which  the  present  writer 
has  heard  Dr  Heddle  speak.  The  Swiss  geologists,  from  the 
early  days  of  Agassiz  downwards,  have  recognised  that  the 
sun's  rays  falling  upon  ice  or  snow  do  not  raise  the  temperature 
of  the  ice  or  the  snow  so  much  as  they  do  that  of  foreign  bodies 
that  may  happen  to  lie  below  the  surface.  Professor  Tyndall 
has  also  made  reference  to  the  same  principle.  Dr  Heddle 
used  to  say  that  it  was  this  cause  which  made  dirt  and  stones 
on  the  surface  of  the  ground  beneath  snow  tend  to  melt  their 
way  upward  towards  the  surface.  [The  present  writer  has 
^  Lecture  on  **  Sand  "  given  before  the  Edinburgh  Field  Naturalists. 
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extended  this  principle,  and  applied  it  to  explain  the  uplift 
of  stones  within  the  Great  Ice  sheet,  and  therefore  to  the 
elevation  of  boulders  to  positions  higher  than  that  of  their 
sources.] 

The  limits  of  this  notice  forbid  fuller  reference  to  Dr 
Heddle's  contributions  to  geology;  but  enough  has  been  pre- 
sented here  to  justify  the  statement  made  at  the  head  of  this 
section,  and  to  which  the  present  writer  is  disposed  firmly  to 
hold,  that  Dr  Heddle's  geological  work  is  nearly  equal  in 
importance  to  his  contributions  to  mineralogy. 
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XLVII.— 77mj  Minerals  of  the  Storr.     By  Professor  M.  F. 
Heddle,  M.D.,  F.B.S.E. 

[The  followiug  paper  ia  a  portion — aomewhat  abridged  in  part — of  a  paper 
read  by  Dr  Heddle  before  the  Geological  Society  of  E^inburgn  on  6th  Manh 
1866.  No  corrections  or  additions  have  been  made,  but  in  order  that  it  may !« 
more  useful  the  crystallographic  symbols  are  given  as  in  Dana's  Minenlocy 
<6th  Edition).  The  Society  did  not  at  that  time  issue  Transactions,  and  the 
paper  was  therefore  never  printed.  As  no  miueralogical  description  of  the 
localitY  has  since  been  published,  the  account  will  be  read  with  interest  even 
after  this  lapse  of  over  forty  years.] 

The  hill,  or  to  speak  more  correctly  the  huge  pillar,  called 
the  Storr  is  about  ten  miles  north  of  Portree.  In  favourable 
weather  it  is  most  easily  reached  by  taking  a  boat  from  Portree 
to  a  point  about  eight  miles  to  the  north.  Landing  here  near 
the  foot  of  a  lofty  cascade  and  surmounting  a  steep  ascent  of 
1800  feet,  we  find  ourselves  in  a  vast  amphitheatre  resembling; 
the  crater  of  an  extinct  volcano,  closed  in  behind  by  a  dark  and 
beetling  cliff,  while  the  view  seaward  is  almost  shut  out  by 
huge  columns,  rising  in  one  instance  to  a  height  of  over  150 
feet. 

It  is  fi-om  among  the  debris  which  is  constantly  falling  from 
these  pillars,  or  by  the  laborious  breaking  up  of  the  larger  and 
more  solid  masses  which  are  more  rarely  loosened  from  the 
cliff,  that  the  mineral  specimens  are  obtained. 

We  approach  the  Storr  from  the  south-east  by  keeping 
alongside  of  a  wall  which  leads  us  to  a  cliff  at  the  foot  of 
which  is  a  large  quantity  of  debris  containing  the  finest  speci- 
mens of  OyroUte  to  be  found  at  the  Ston*.  The  rock  being 
a  tough  basalt,  good  specimens  are  only  to  be  obtained  by 
blasting. 

Ascending  a  steep  grassy  slope,  we  next  come  to  masses  of 
amygdaloid  fallen  from  two  pillars  which  form  a  sort  of  gate- 
way to  the  amphitheatre  above.  Here  the  following  minerals 
are  to  be  obtained: — 

MesoU  or  Faroelite,  coating  the  cavities  with  mammillations 
and  with  spheres  which  are  sometimes  almost  complete.  The 
specimens  from  this  locality  are  the  finest  to  be  obtained  in  the 
British  Islands  and  almost  rival  the  Faroe  specimena 

ApophylliUy  in  small  crystals  superimposed  on  the  Faroelite, 
and  not  so  fine  as  at  the  next  locality. 

Stilhite,  occurring  similarly. 

Mesolite,  in  delicate  feathery  tufts,  occupying  cavities  by 
itself 
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Following  a  sheep-track  northward  among  the  pillars,  we  pass 
a  spring,  and  between  the  four  larger  pillars  and  the  cliff  come 
upon  an  enormous  quantity  of  fallen  rock  which,  about  1845, 
was  hurled  from  the  precipice  by  the  splitting  action  of  freezing 
water.  The  noise  of  the  fall  was  heard  at  Portree.  This  may 
1)6  considered  perhaps  the  finest  zeolite  locality  in  Britain,  as  it 
yields  eleven  different  species.  These  arranged  according  to 
the  frequency  of  their  occurrence  are  : — 

Chaiazite. — Nearly  every  cavity  of  the  amygdaloidal  rock  is 
lined  with  minute  highly  polished  crystals  of  tliis  mineral  in 
the  primary  form  r.  It  also  occurs  rarely  in  the  combination 
is  and  in  minute  twins  of  rs  and  res.  A  fifth  form  seems 
sometimes  to  be  present,  but  I  have  convinced  myself  by  the 
examination  of  many  crystals  that  this  is  nothing  more  than 
an  oscillation  between  the  faces  t  and  r. 

Apophyllite  occurs  in  specimens  of  gi-eat  beauty,  the  crystals 
sometimes  attaining  the  length  of  2  inches  with  a  breadth  of 
1  inch,  and  exhibiting,  by  polarised  light,  in  great  perfection, 
the  structure  from  which  the  species  obtained  from  Brewster 
the  name  of  Tesselite.  The  combinations  here  are  ac,  arCj 
ape,  apcr. 

Stilbite. — ^The  specimens  found  here  vary  very  much  in  appear- 
ance. At  one  spot  they  occur  associated  with  Laumontite  in  the 
lartre  sheafy  conglomerations  of  crystals  found  so  generitlly  in 
Iceland  and  Faroe.  At  another  spot  they  are  in  isolated  and 
highly  perfect  forms ;  while  at  a  third  the  crystals  are  grouped 
like  a  fan,  the  crossing  of  different  individuals  of  this  variety 
forming  spheres  resembling  those  so  common  in  our  Scottish 
Prehnites.  The  forms  of  Stilbite  to  be  seen  here  are  brf,  bcfm, 
hem,  and  twins  of  hem. 

Laumontite  is  here  found  in  veins  about  1  inch  in  thick- 
ness, which  consist  of  a  congeries  of  minute  crystals  so  confused 
as  to  present  a  granular  appearance.  This  mineral,  strange  to 
say,  used  to  pass  under  the  name  of  Hypostilbite,  and  under 
that  name  came  into  the  hands  of  Di  Scott,  who  analysed  it. 
So  large  a  mass  of  this  Laumontite  is  attached  to  the  cliff  that  I 
have  been  able  to  distinguish  the  white  spot  from  the  Sound  of 
Scalpay,  some  twenty  miles  away. 

Gyrolite  occurs  here  in  great  abundance,  generally  associated 
with  Apophyllite.  It  is  further  found  per  se  at  the  east  side  of 
the  foot  of  the  great  pillar,  and  also  at  a  spot  a  little  south  of 
this.  Unweathered  specimens  of  this  mineral  are  rare,  as  it 
seems  to  lose  water  as  readily  as  Laumontite ;  and  on  account 
of  the  folise  flying  asunder  at  the  slij^htest  shock,  fine  specimens 
are  obtained  with  considerable  difiBculty. 

SphcrrostUhite. — The  mineral  so  named  by  Beudant  occurs  here 
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in  minute  spheres.  I  was  not  successful  in  obtaining  a  quantity 
sufficient  for  analysis;  but  when  viewed  under  a  microscope 
the  mineral  so  much  resembles  Stilbite  that  I  have  little  doubt 
of  their  identity. 

Analcime  is  mrely  found  in  small  but  brilliant  crystals  of 
the  usual  form. 

Mesolite  occuis  as  at  the  last  locality  in  delicate  acicular 
crystals. 

Faroelite  does  not  occur  at  this  locality  in  specimens  so  fine 
as  those  last  mentioned,  but  it  lines  all  cavities  which  do  not 
contain  CJiahazite,  which  seems  to  supply  its  place. 

Steatite  [Saponite]  of  a  pure  white  and  of  a  pale  green  colour 
fills  up  the  smaller  nests  and  lines  larger  cavities. 

Calcite,  here  an  unusual  mineral,  occurs  in  minute  rhombs 
and  sharply  acuminated  prisms. 

Heulandite  occurs  in  colourless  crystals,  the  lustre  of  which 
is  quite  equal  to  that  of  the  Icelandic  specimens,  but  which  do 
not  exceed,  so  far  as  I  have  seen,  \  inch  across  the  face  ft.  The 
following  combinations  occur :  catwiby  csthmx,  csimbu,  cstmbux, 

Levyne  is  rarely  found  here,  as  usual  twinned  in  the  form  crs. 
Specimens  obtained  from  Mr  Doran  of  the  form  rs  are  doubt- 
less also  from  this  locality.  It  is  the  sole  occupant  of  the 
druses  in  which  it  occurs. 

The  Flynthite  of  Thomson  occurs  in  veins  which  intersect  the 
columns. 

The  lower  portion  of  the  cavities  is  sometimes  occupied  by 
Onyx,  formed  of  alternate  layers  of  bluish  Chalcedony  and  milk 
white  Cachalong. 

Hardly  a  cavity  can  be  opened  that  does  not  contain  wat«r. 
Some  of  those  about  the  capacity  of  a  thimble  are  fuU  of  it, 
containing  nothing  else  except  a  mere  film  of  Faroelite.  Others 
again,  which  appear  to  be  quite  filled  with  needle  Mesolite,  pour 
out  water  when  the  finger  is  thrust  into  them.  The  Steatite 
[Saponite]  also,  when  first  taken  from  the  cavities,  contains  so 
much  water  as  to  have  the  consistence  of  butter.  This  zeolitic 
water  has  a  slightly  alkaline  taste,  and  a  small  quantity  evapo- 
rated on  a  watch-glass  left  a  film  of  a  gritty  powder  which  did 
not  scratch  the  glass. 

It  is  worthy  of  notice  that  some  of  these  minerals — such  as 
Analcime,  Chabazite  and  Apophyllite — are  found  sometimes 
loose  without  attachment  in  the  cavities,  of  course  crystallised 
all  round,  or  suspended  on  a  microscopic  needle  of  Mesolite. 
The  Apophyllite,  Analcime,  Chabazite  and  Gyrolite  are,  when 
the  cavities  are  first  broken  into,  so  devoid  of  colour  and  so 
perfectly  transparent  that  were  it  not  for  the  reflection  of  light 
from  their  faces  they  would  be  absolutely  invisible.     Apophyl- 
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lite  and  Gyrolite  have,  when  fresh,  not  a  trace  of  pearly  or  fish- 
eye  lustre,  such  being  consequent  upon  a  loss  of  water.  In 
Heulandite  and  Stilbite  again  the  lustre  is  inherent,  and  the 
\<m  of  water  causes  them  to  become  chalky  in  appearance. 

In  the  return  from  the  Storr  a  point  on  the  summit  of  the 
i  clifiF  almost  directly  above  Prince  Charles's  Cave  should  be 
visited,  as  it  aflfords  Pectolite  of  a  delicate  bluish-green  colour, 
not  elsewhere  equalled.  I  am  indebted  for  this  locality  to  Mr 
Doran,  who  supplied  the  specimens  analysed  by  Dr  Scott,  by 
whom,  however,  the  Storr  was  erroneously  given  as  the  locality. 
I  Inferior  si)ecimens  of  many  of  the  zeoUtic  minerals  may  be 
obtained  at  almost  every  spot  in  the  neighbourhood  of  Portree, 
at  which  the  trap  is  exposed  in  cliffs  or  broken  open  as  quarries. 
The  nearest  locality,  however,  worthy  of  notice  is  at  Rudha  na 
h-Airde  Glaise  on  the  shore  two  miles  north  of  Portree.  Here  a 
considerable  amount  of  debris  has  accumulated  from  which  may 
te  obtained  indifferent  specimens  of  Gyrolite,  Apophyllite  and 
Mesdite,  These  three  minerals  sometimes  occur  together  in  a 
cavity.  When  this  is  the  case  the  Mesolite  is  invariably  next 
the  rock,  and  covered  in  turn  by  Gyrolite,  the  Apophyllite 
filling  up  the  centre  of  the  nest.  In  some  instances  the 
Mesohte  is  wanting:  in  others  the  Apophyllite  is  absent: 
frequently  the  Mesolite  occurs  alone.  In  all  cases,  however, 
when  more  than  one  is  present  the  order  or  superposition  is 
as  noted. 
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XLVIII.  The  Subdivisiona  of  the  Carboniferous  Series  in  Oreat 
Britain  and  some  of  tJteir  European  Equivalents.  By 
Wheelton  Hind,  M.D.,  B.S.Lond.,  F.R.C.S.,  F.G.S. 

(Read  20th  January  1898.) 

It  is  a  well  recognised  fact  "  that  the  sequence  of  the  Carboni- 
ferous series  of  beds,  as  found  in  Scotland,  differs  essentially 
from  that  which  obtains  in  central  England,"  and  the  correlatir»n 
of  the  two  groups  has  been  attended  with  difficulty,  mainly 
due,  as  I  have  pointed  out  in  the  Geological  Magazine  for  April 
and  May  1897,  to  a  misconception  of  the  succession  of  carboni- 
ferous rocks  in  Yorkshire,  and  to  the  fact  that  Professor  Phillips 
established  a  purely  local  succession  as  typical  of  the  carboni- 
ferous sequence  in  central  England.  The  main  evil  which  has 
resulted  from  this  classification,  is  that  in  other  districts  where 
the  succession  is  totally  diffei-ent,  an  altogether  artificial  ami 
arbitrary  set  of  divisions  has  been  made,  which  can  neither  be 
followed  in  the  field  nor  identified  by  palaeontological  e\ddence, 
so  as  to  bring  it  into  line  with  the  so-called  typical  section. 
Several  systems  have  been  proposed  for  the  classification  of 
the  carboniferous  rocks,  all  more  or  less  based  on  lithological 
characters,  for,  up  to  the  present,  little  or  nothing  has  been 
accomplished  in  establishing  life  zones  for  the  carboniferous 
rocks  of  Great  Britain  ;  but  the  great  mistake  in  all  of  them  \& 
the  establishment  of  the  millstone  grit  and  Yoredale  series  as 
essential  subdivisions,  and  the  attempt  to  make  artificial 
equivalents  for  them  in  Scotland  and  Ireland,  where  tlie 
succession  of  rocks  is  often  entirely  different  from  that  which 
obtains  in  central  England.  Would  the  terms  millstone  grit 
and  Yoredale  series  ever  have  arisen  if  the  carboniferous 
succession  in  Scotland  had  been  chosen  as  the  type  ?  I  would 
emphatically  protest  that  these  so-called  subdivisions  are  only 
extremely  local  conditions,  and  due  to  local  causes,  which  prol)- 
ably  were  not  acting  in  other  districts,  and  I  propose  to  show 
that  such  is  the  case  by  tracing  the  sequence  of  the  carboni- 
ferous beds  from  Derbyshire  to  Scotland  and  noting  the  gradual 
series  of  changes  which  they  undergo  in  passing  from  the  English 
to  the  Scotch  type  of  succession. 

In  Derbyshire  we  have  not  yet  been  able  to  reach  the  l>ast* 
of  the  carboniferous  limestone,  which  exists  as  practically  one 
mass,  for  though  composed  of  various  beds — crinoidal,  detrital. 
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siliceous,  organic — the  limestone  is  not  divided  up,  as  in  Scotland, 
into  beds  hj  masses  of  shales ;  and  we  only  find  thin  partings 
of  1  to  6  inches  at  rare  intervals. 

Lotoer  Limestone  Shale,  Bdsemerd  Beds,  etc, — Although  not 
exposed,  we  have  every  reason  to  believe  that  beds  of  Carboni- 
ferous age  may  exist  below  the  limestone,  for  such  a  bed  is 
known  to  be  660  feet  thick  in  the  Avon  section,  near  Bristol, 
and  in  North  Wales  the  basement  beds,  consisting  of  bastard 
limestone,  conglomerates,  and  shales,  etc.,  with  pebbles  con- 
taining Silurian  fossils,  reach  about  500  feet.  In  the  Pennine 
area,  the  basement  beds  are  only  exposed  at  the  foot  of 
Ingleboro,  in  King's  dale  and  Eibblesdale.  Here  the  beds  are 
very  thin  and  patchy,  resting  unconformably  on  the  upturned 
edges  of  Silurian  slates,  and  at  Thornton  Force  only  attain  to 
about  5  feet  in  thickness.  Here  the  beds  consist  of  a  brecciated 
conglomerate  with  quartz  pebbles  and  rolled  Silurian  rocks 
and  occasional  carboniferous  corals.  Further  north,  Mr  Good- 
child  has  described  the  basement  beds  in  Hebblethwaite  gill ; 
and  these  are  succeeded  by  about  130  feet  of  shales  and  impure 
limestones  which  occur  immediately  below  the  great  Scar  lime- 
stone. The  following  section  of  these  beds  is  given  by  the 
Geological  Survey  {Meni,  GeoL,  Mallerstang,  p.  50) : — 

Febt. 
/Grey    calcareous    sandstone   with 

green  partings  and  white  nodules        40 
Eed  and  green   shale  with   hard 
sandy  bands  and  numerous  con- 
cretionary white  nodules  at  the 

top 12 

Purple  and  white  mottled  sandstone       3-4 


Lower  limestone 


shales  and  base-    I  Eed  conglomerate ....  3 

ment  beds.         |  Red  sandstone       ....       2-4 
Red  conglomerate ....         20 
Conglomeratic    grey    and    purple 
sandstones   with   bands   of    red 
conglomerate  interstratified        .         17 
.  Red  conglomerate  of  Hebblethwaite 
\      gill  estimated  at  about        .         .       900 

^me  of  these  beds  are  seen  again  in  l^venstonedale,  but  the 
Ijasement  conglomerates  are  not  seen  and  are  probably  absent. 

In  the  neighbourhood  of  Ash  Fell  and  Roman  Fell,  Mr 
G(x)(ichild  has  drawn  attention  to  the  presence  of  an  interesting 
series  of  sandstones  with  plant  remains,  limestones  of  tolerable 
thickness,  conglomerates  and  shales  which  is  developed  below 
the  great  Scar  limestone.  Further  north  still  this  series 
VOL.  VII.  PART  IV.  z 
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expands  into  the  Tuedian  beds  of  Northumberland,  which  are 
subdivided  by  the  officers  of  the  Geological  Survey  into 
lower  freestones,  cement  limestones,  and  an  upper  set  of  Fell 
sandstones.  The  lower  group,  also  consisting  of  two  divisions, 
thus: — 

Uvt>er  or  cement   f  ^'^^  freestones,  dark-grey  and  greenish 
^^  -|       shales  with  impure  bands  of  limestone 

^    P'       \      and  cement  stone. 

Lower,     Freestone  /  Freestones  with  purple,  lilac,  green  and 
group.  \      red  shales. 

At  the  base  of  the  latter  occurs  occasionally  a  pebbly  base- 
ment Ijed,  and  in  some  places  a  conglomerate. 

The  upper  division  or  Fell  sandstones  consist  of  thick  beds . 
of  quartzose  sandstone  of  various  colours  with  beds  of  shale, 
sometimes  marine. 

The  fauna  of  the  Tuedian  beds  is  largely  non-marine,  and  is 
characterised  by  the  presence  of  Modiola  Macadarnii,  but  it 
differs  markedly  from  the  fauna  in  the  beds  above,  called 
Tlie  Carhonifermts  Limestone  Series,  which  contains  Productus 
giganteus  at  several  horizons,  a  fossil  never  found  in  the  Tuedian 
or  calciferous  sandstone  series.  I  regard  these  Tuedian  beds  as 
the  Homotaxial  representatives  of  the  basement  beds  of  Ingleboro 
and  the  Calciferous  Sandstone  Series  of  Scotland.  In  the  field 
there  is  abundant  evidence  that  deposits  which  are  the  results 
of  land  denudation  increase  in  thickness  and  importance  as 
they  pass  northwards,  where  there  is  no  doubt  the  continent 
existed  whence  they  were  derived.  On  the  Fifeshii-e  coast 
Mr  Kirkby  has  shown  that  these  beds  contain  occasional 
marine  bands,  and  if  the  fauna  of  the  bands  and  that  which 
the  officers  of  the  Survey  have  found  in  the  Tuedian  beds 
be  compared  they  will  be  found  to  be  very  similar. 

Carboniferous  Limestone  Series, — In  the  Mendips,  Derbyshire, 
and  the  south  of  Yorkshire  the  Carboniferous  Limestone  is  in 
one  mass,  made  up,  it  is  true,  of  various  beds,  encrinital,  detrital, 
etc.,  but  the  beds  are  not  separated  from  each  other  by  any 
extent  of  shales.  Occasionally  in  Derbyshire  thin  partings 
may  occur  which  rarely  attain  a  thickness  of  6  inches. 

Between  Castleton  in  Derbyshire  and  Clitheroe  in  S.E.  Lanca- 
shire the  limestone  is  not  exposed,  but  as  far  north  as  this,  it 
still  maintains  the  same  massive  structure  as  further  south. 
The  uppermost  beds  in  Derbyshire  are  highly  fossiliferous  and 
are  largely  made  up  of  well  rolled  shells  and  fossil  fragments, 
with  pebbles  of  hard  limestone  and  an  occasional  one  of  white 
quartz.  This  bed  was  evidently  laid  down  between  tidal  limits 
and  I  have  been  able  to  trace  it  for  miles  across  country,  always 
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at  the  same  horizon,  where  it  marks  the  line  of  a  retreating 
sea-beach. 

This  condition  of  things  also  occurs  in  the  neighbourhood  of 
Grassington  at  Hill  Bolton  and  the  series  of  several  dome- 
shaped  limestone  hills,  a  characteristic  form  of  weathering  both 
in  Yorkshire  and  Derbyshire,  but  here  the  shells  afford  less 
evidence  of  rolling.  It  was  these  dome-shaped  hills  and  the 
shell  beds  in  them  which  were  remarked  upon  by  Mr  Tiddeman 
in  a  paper  read  before  the  British.  Association,  1890,  and  pub- 
lished at  p.  600  of  the  Eeport.  He  speaks  of  the  hills  "as 
suggestive  of  the  idea  of  reef-knowls,"  which  he  speaks  of  as 
"growing  up  on  a  slowly  sinking  sea  bottom";  and  goes  on  to 
say :  "  Moreover,  at  the  foot  of  these  mounds  or  reef-knowls,  as 
I  would  call  them,  we  have  in  many  places  a  breccia  formed  of 
fiagments  of  the  limestone,  which,  I  take  it,  have  been  broken 
off  the  reef  between  wind  and  water  and  have  subsequently  been 
covered  up  by  the  mud  of  the  Bowland  shales  and  compacted 
into  a  breccia."  Now  in  the  first  place  there  are  no  reef  build- 
ing Corals  in  the  Carboniferous  Rocks  and  no  other  organism 
which  is  capable  of  constructing  reefs,  so  that  this  theory  falls 
to  the  ground  at  once ;  but  further,  the  peculiar  conformation 
of  the  country  at  that  place  is  due  to  the  natural  weathering  of  a 
rj)ck  soluble  in  water,  and  the  same  shaped  knolls  of  weathered 
limestone  occur  frequently  in  Derbyshire,  N.  Staffordshire,  the 
Isle  of  Man,  and  notably  in  the  upper  beds  of  limestone  north 
of  Malham  Cove. 

In  fact,  the  breccia  of  limestone  and  rolled  fragments  is  the 
contemporaneous  beach  which  occurs,  just  as  it  does  in  Derby- 
shire, at  the  top  of  the  limestone,  and  is  overlaid  by  the  Bowland 
shales.  Of  all  the  wild  speculations  of  geologists,  this,  I  think, 
is  based  on  as  little  actual  fact  as  any,  and  Mr  Tiddeman  cuts 
the  ground  from  beneath  his  feet  when  he  adds  as  a  postcript : 
*'  In  speaking  of  the  mounds  as  knowl-reefs,  I  do  not  neces- 
sarily wish  to  imply  that  they  were  coral  reefs.  They  seem  to 
have  been  built  up  in  a  somewhat  similar  way,  but  corals 
apparently  only  played  a  subordinate  part  in  their  formation." 
One  would  have  thought  that  it  was  necessary  to  have  found 
a  reef -building  organism  of  some  kind  before  venturing  to  suggest 
such  an  hypothesis. 

As  in  Derbyshire,  the  beds  below  the  beach  at  Hill  Bolton  are 
grey  crystalline  limestones  without  much  apparent  bedding,  but 
were  certainly  not  laid  down  under  aerial  conditions  of  any 
land.  The  beds  are  crammed  with  Brachiopods  in  beautiful 
condition,  and  many  fine  Cephalopoda,  Gasteropoda  and  Lamelli- 
branchs,  the  latter  chiefly  byssiferous,  indicating  shallow  water, 
are  found,  but  corals  are  conspicuously  absent. 
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The  massif  of  limestone  continues  unbroken  till  about  ten 
miles  north  of  the  great  East  and  West  Craven  fault,  about 
which  locality  a  tendency  is  observed  for  the  upper  part  of  the 
limestone  to  split  up  into  beds  of  varying  thickness  by  the 
intercalation  of  beds  of  shale,  thin  at  first,  but  which  increase  in 
number  and  thickness  as  the  beds  pass  north.  Mr  Tidde- 
man  considered  that  the  change  in  type  of  the  carboniferous 
rocks  in  the  north  and  south  of  Yorkshire  was  due  to  some 
occult  effects  of  a  contemporaneous  system  of  faulting,  but  the 
change  does  not  begin  to  take  place  until  some  miles  north  of 
the  faults.  At  Hebden,  near  Grassington,  we  notice  one  bed 
of  limestone  completely  separated  from  the  main  mass  by  a  bed 
of  shales.  Tracing  the  beds  further  north  up  the  valley  of  the 
Wharf,  on  the  flanks  of  Whemside,  Buckden  Pikes,  and  the 
other  hills,  we  find  that  an  increasing  number  of  limestones 
form  features  on  the  hills,  intervening  between  the  beds  of 
millstone  grit  which  cap  them  and  the  massive  of  limestone 
below  till  we  pass  into  Wensleydale  where  the  limestones  are 
so  well  marked  as  to  receive  individual  names,  and  the  inter- 
vening beds  of  shale  are  much  increased  in  thickness,  thick 
beds  of  sandstone  also  coming  on  with  the  shales.  While 
this  series  of  alternating  limestones,  sandstones  and  shales 
measure  1500  feet,  the  main  mass  of  limestone,  now  called  the 
Great  Scar  Limestone,  has  dwindled  to  600  feet,  so  that  in 
actual  vertical  thickness  it  barely  reaches  the  equivalent  of  the 
2000  and  more  of  the  Carboniferous  Limestone  of  Derbyshire. 
There  is  no  doubt  that  Professor  Phillips  fully  recognised  this 
fact,  for  he  states  (Oeol  Yorks.,  pt.  ii.  p.  32) :  "  The  great  lime- 
stone series  which  at  Greenhow  HUl  is  one  mass,  admits 
between  some  of  its  upper  members  partings  which  are  thin  at 
Grassington  and  Kettlewell,  but  towards  the  N.,  N.W.,  and  K, 
augment  in  thickness  and  assume  new  characters."  It  was  to 
this  series  of  beds,  as  developed  in  Wensleydale,  that  Professor 
Phillips  gave  the  name  Yoredale  series,  and  he  took  as  the  base 
line  the  Hardraw  scar  limestone,  which  is  the  bed  of  limestone 
in  this  locality  which  succeeds  the  great  Scar  limestone,  separ- 
ated from  it  by  a  varying  quantity  of  -shales  and  sandstones. 
But  unfortunately  this  base  is  not  constant,  for  further  south  it 
coalesces  with  the  great  Scar  limestone  {Geol.  Surt\  Mem.. 
Country  round  Mallerstang,  p.  9),  and  in  the  Ingleboro  area 
occasional  limestones  intervene  between  them.  Further,  if  the 
great  Scar  limestone  itself  be  traced  north,  it  splits  up  itself 
and  is  separated  into  distinct  beds  by  wedges  of  shale  and 
sandstone  and  forms  the  Melmerby  scar  series,  so  that  although 
only  about  ten  distinct  limestones  are  recognised  in  Wensley- 
dale, by  the  time  the  beds  arrive  at  Alston  Moor  there  are 
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twelve  limestones,  and  further  north,  in  Northumberland, 
Westgarth  Forster  recognised  nineteen,  but  it  is  doubtful 
whether  these  all  belong  to  the  Carboniferous  limestone  series. 
In  Northumberland,  above  the  Fell  sandstones,  succeed  a  series  of 
rocks,  called  by  the  officers  of  the  Greological  Survey  the  Carboni- 
ferous limestone  series,  which  are  divided  by  them  into  two 
divisions : 

A  lower  or  Carbonaceous  division  ; 

An  upper  or  Calcareous  division. 
But  the  fauna  of  the  two  series  is  wonderfully  alike,  by  far  the 
larger  number  of  the  fossil  species  being  common  to  the  two 
ilimions.  T  regard  the  whole  of  this  series  as  the  equivalents 
of  the  Carboniferous  limestone  of  Derbyshire,  and  the  great 
Scar  limestone  and  Yoredale  series  of  Wensleydale.  But  there 
seems  to  be  some  uncertainty  as  to  such  a  correlation  in  the 
inind  of  the  Director-General  of  the  Geological  Survey,  for,  in  the 
preface  to  the  Survey  Memoir  on  Norham  and  Tweedmouth, 
dated  April  6th,  1897,  Sir  A.  Geikie  says:— "The  geology  of 
this  area  is  extremely  simple,  the  rocks  consisting  entirely  of 
stratified  fonnations  belonging  to  the  Carboniferous  limestone 
Series,  and  chiefly  to  that  portion  of  the  series  represented  by 
the  Scar  limestone  of  Yorkshire."  This  may  be  so,  but  what 
represents  the  Scar  limestone  in  Derbyshire,  or  in  North 
Durham  ?  Surely  it  only  adds  to  the  difficulties  of  correlation 
to  take  the  local  expression  of  a  very  changeable  bed  as  a  type,  a 
ted,  too,  wliich  is  not  able  to  be  defined  for  more  than  a  few 
miles,  in  either  its  upper  or  lower  limit,  and  which  is  not 
marked  out  by  a  special  fauna.  But  furthei',  on  the  8th  July 
1897,  Sir  A.  Geikie  writes  in  the  preface  to  the  Survey  Memoir 
on  Berwick-on-Tweed :  "  Under  the  whole  of  the  district  various 
members  of  the  Carboniferous  limestone  series  extend,  the 
thicker  limestones  being  representatives  of  the  Yoredale  series 
of  Yorkshire  "  ;  but  on  turning  to  the  table  of  contents  we  find 
the  same  series  of  rocks  as  described  in  the  fonner  Memoir. 
In  the  Berwick  Memoir,  p.  30,  it  is  stated  that  Produdm 
f/iganteus  occurs  in  limestone  intermediate  between  the  Woodend 
and  the  Oxford  limestones,  and  as  I  shall  show  later  on  that 
this  fossil  is  characteristic  of  the  great  Scar  and  all  the  Yoredale 
Umestones.  Some  of  the  limestones  disappear  as  they  pass 
north,  dying  out,  but  it  is  impossible  to  say  whether  it  is  the 
upper  or  lower  beds  which  have  died  out  first.  And  further 
north,  in  Scotland,  is  the  extensive  sequence  known  as  the  Car- 
boniferous Limestone  series,  subdivided  into  an  upper  marine 
series  with  several  beds  of  limestoiie  separated  by  shales,  a 
middle  estuarine  or  fresh  water  series  with  coal  and  ironstones 
but  no  limestones,  and  a  Imoer  marine  series  with  several  beds 
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of  limestone.  Productus  giganteus  characterises  both  the  upper 
and  lower  divisions,  but  is  of  course  absent  in  the  middle  group, 
and  corals  are  far  more  common  in  the  lower  division  than  in 
the  upper. 

It  has  been  supposed  that  these  three  divisions  are  the 
equivalents  of  the  Yoredale  rocks  of  England  (B.  If.  Peach. 
Bef,  Intemat.  Oeol.  Cong,,  1888,  p.  157),  and  that  the  Calciferous 
sandstone  series  are  the  equivsdent  of  the  Carboniferous  lime- 
stone of  England,  but  if  there  is  any  real  value  in  palaeontolc^' 
as  a  factor  in  correlation,  the  evidence  conclusively  shows  that  the 
fauna  of  the  Carboniferous  limestone  and  the  Yoredale  series 
of  the  Wensleydale  area  are  identical,  and  that  this  fauna  is 
laigely  that  of  the  upper  and  lower  divisions  of  the  Carboni- 
ferous Limestone  series  of  Scotland :  the  essential  diflferences 
being  due  to  the  fact  that  the  Scottish  beds  were  laid  down 
nearer  land  and  the  fauna  has  a  larger  number  of  sublittoral 
forms  than  obtains  further  south. 

The  Yoredale  series,  therefore,  is  only  a  local  phase  of  the 
Carboniferous  limestone  and  cannot  in  any  sense  be  regarded 
as  superimposed  upon  it  or  as  forming  an  essential  subdivision. 
So  also  the  Carboniferous  Limestone  series  of  Scotland  is  really 
the  equivalent  of  the  whole  "massif"  of  limestone  of  Derby- 
shire, the  Great  Scar  and  Yoredale  series  of  Wensleydale  and 
the  division  of  rocks  in  Northumberland  called  the  carbonaceous 
and  calcareous  divisions  by  the  Ofl5cei;s  of  the  Geol(^cal 
Survey.  Not  only  is  this  the  case  on  lithological  grounds  but 
it  is  amply  borne  out  by  palaeontological  evidence  which  I 
shall  briefly  review  just  now. 

Bowland  SJoales. — Above  the  "  massif  "  of  limestone  in  Derby- 
shire and  South  Yorkshire  occurs  a  series  of  black  shales  with  oc- 
casional gannister-like  sandstones  and  thin  beds  of  concretionary 
limestones,  which  the  Officers  of  the  Geological  Survey,  following 
Phillips,  have  unfortunately  mapped  as  Yoredale  rocks.  They 
have  nothing  in  common  with  the  rocks  of  Wensleydale  either 
lithologically  or  palseontologically.  They  have  a  very  local 
distribution  and  are  really  at  a  higher  horizon  than  the  Yore- 
dale series.  The  Officers  of  tlie  Geological  Survey  estimate  the 
tliickness  of  these  beds  in  Derbyshire  and  North  Staflbrdshire 
as  between  2000  and  3000  feet,  but  it  really  is  nothing  of  tlie 
sort.  Wherever  a  direct  sequence  of  the  series  is  to  be  obtained 
actual  measurement  gives  not  more  than  one- third  this  amount, 
and  tlie  mistake  has  arisen  through  the  repetitions  of  the  same 
beds  by  a  series  of  anticlinals  and  synclinals,  the  rocks,  how- 
ever, altering  in  lithological  characters  and  thickness,  so  tliat 
the  repeated  beds  were  not  recognised  as  the  same  in  localities 
some  few  miles  apart.     This  subject  I  am  now  working  out  in 
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detail,  and  hope  to  publish  shortly,  in  conjunction  with  Mr  J.  A. 
Howe,  a  paper  giving  measured  sections  to  prove  my  contention. 
Occasionally  a  few  thin  bedded  limestones  form  a  series  of 
passage  beds  between  the  limestone  and  shales.  This  series  of 
beds  is  exposed  in  the  bottoms  of  the  valleys  near  Marsden, 
aiid  further  north  at  Todmorden  and  Hebdenbridge,  and  yield  a 
tine  series  of  characteristic  fossils  similar  to  those  found  in  the 
same  series  further  south. 

A  fine  sequence  of  the  beds  which  succeed  the  massive  lime- 
stone is  seen  at  Pendle  Hill,  the  crest  of  which  is  formed  by 
Farey*8  grit,  once  called  the  Yoredale  grit,  but  afterwards  classed 
with  the  millstone  grits  by  the  Sur\'^ey.  Here,  it  is  estimated, 
the  following  succession  occurs : — 

i    Upper 1000  feet. 

PeruUe  grit.  <.    Shales.     Bowland  shales  .  200     „ 

I    Lower.     Very  inconstant  .  ?  600     „ 

Pendle  side  limestone  series  .         .         .       350     „ 

Shales  with  limestones 2500     „ 

1  cannot  but  think  that  this  estimate  is  too  great ;  for  there 
does  not  appear  to  me  to  be  room  for  this  amount  between 
Worsae  End  and  Hook  Cliff.  The  sequence  is  well  exposed 
in  the  beds  of  streams  and  doughs  on  the  flank  of  the  hill, 
and  the  beds  in  every  way  resemble  those  of  Derbyshire  and 
North  Staffordshire  palseontologically  and  lithologically.  On 
the  whole,  the  limestones  in  the  series  are  thicker,  and  more 
siliceous.  The  Pendleside  limestone  is  no  doubt  the  equivalent 
of  the  thin  limestones  of-  Onecote,  Morredge,  and  the  Dane 
valley  of  North  Stafibrdshire  and  Derbyshire. 

In  my  former  paper  "On  the  Yoredale  Series"  {Geological 
Magazine,  1897,  p.  162),  I  made  a  stupid  blunder,  due  to  a  too 
imphcit  trust  in  the  paliieontological  table  at  the  end  of  the 
Geological  Survey  Memoir  of  the  Burnley  coal  field.  I  have  since 
that  time  been  over  the  whole  of  the  ground  in  this  district  and 
\isited  with  Mr  J.  A.  Howe  the  fossiliferous  localities  named  in 
the  memoir,  and  we  are  thoroughly  convinced  that  the  Pendleside 
limestones  have  a  totally  different  fauna  from  that  of  the  mass 
of  limestone  below  it,  but  typical  of  similar  beds  in  other 
localities.  The  mistake  arose  mainly  from  the  inclusion  of  the 
Asnot-inlier  as  a  portion  of  the  Pendleside  limestone.  I  care- 
fully examined  this  and  am  convinced,  on  account  of  the 
palaeontology  of  its  beds,  that  it  is  a  portion  of  the  main 
mass  of  limestone  faulted  up.  As  Mr  Tiddeman  observes  in 
the  memoir,  the  lithological  character  is  that  of  the  Carbonifer- 
ous Limestone.  On  the  West,  this  limestone  dips  regularly  to 
the  North-West  at  about  30^  and  at  the  foot  of  the  hill  in  the 
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stream,  the  equivalents  of  the  Pendleside  limestones  are  to 
be  seen  in  a  fine  section  dipping  West  at  about  25".  This 
series  on  West  flank  Pendle  contains  Posidoniella  laevis  and 
Goniatites,  with  near  the  top  a  bed  of  encrinital  limestone. 
Petrologically  the  limestones  of  this  group  are  perfectly  distinct 
from  any  found  in  the  massive  of  Carboniferous  limestone,  being 
dark,  hard,  with  conchoidal  fracture  and  possessing  a  strong 
smell. 

The  Pendle  limestones  and  grits  appear  to  liave  a  great  local 
development  which  rapidly  diminishes,  so  that  a  few  miles 
away  they  are  much  diminished  in  thickness  or  are  absent 
altogether. 

At  Longridge,  a  few  miles  South-West  of  Clitheroe,  the  Pendle 
grit  thickens  out  considerably,  and  there  is  a  fine  section  of 
the  beds  in  the  quarry. 

To  the  North-West  tlie  shales,  however,  rapidly  diminish  in 
thickness,  so  that  at  the  Sykes  and  Brennan  anticlinals  the 
millstone  grits  appear  to  be  separated  from  the  limestone  by  a 
much  smaller  series  of  beds  than  on  Pendle  Hill.  Further  in 
this  direction,  at  Carnfortb,  the  Pendle  side  grits  vanish  and 
the  shales  below  them  are  still  further  reduced  in  thickness.  In 
a  northerly  direction,  too,  a  few  miles  from  Skipton,  these  beds 
thin  out  rapidly,  and  though  present  at  Bumsall  fell  and 
Flasby,  where  the  characteristic  fossils  c^n  be  obtained,  are 
only  about  30  feet  thick,  and  in  Niddale  become  reduced  to 
about  20  feet.  North  of  this,  these  shales  gradually  disappear, 
so  that  the  millstone  grits  succeed  the  Yoredale  series  of 
Ingleboro  and  Wensleydale  directly,  being,  on  Ingleboro, 
separated  from  the  main  limestone  by  only  120  feet  of 
shales,  which,  however,  do  notccmtain  the  typical  fossils  of  the 
series.  Fuller  details  are  given  in  my  paper  on  the  Yoredale 
series,  but  further  north  I  have  been  able  to  obtain  no  fossil 
evidence  that  these  shales  exist  and  there  is  little  or  no  doubt 
that  the  millstone  grit  beds  overlap  them  in  a  northerly 
direction.  This  series  of  shales  are  therefore  really  at  a  higher 
horizon  than  the  Yoredale  beds  and  must  no  longer  have  this 
term  applied  to  them.  I  therefore  think  it  advisable  to  apply 
Piiillip's  term,  Bowlaiid  Shales,  to  this  series  of  beds,  which  have 
a  distinctly  different  marine  fauna  from  the  beds  below  theiu — 
a  fauna,  however,  not  confined  to  these  beds,  but  which  passes 
upwards  through  the  millstone  grit  beds,  where  it  occasionally 
reappears  in  the  shales  which  separate  the  several  grits,  and 
reappears  in  force  in  the  Gannister  beds  of  the  Lower  Coal 
Measures,  which  is  apparently  its  upper  limit,  but  it  only,  of 
course,  is  present  in  the  beds  which  were  deposited  under  marine 
conditions  and  does  not  occur  in  those  of  fresh  water  or  estuarine 
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origin  which  are  very  extensive  in  this  series  of  rocka  A 
similar  flora,  however,  is  characteristic  of  the  Rowland  shales, 
grits  and  gannister  series. 

Phillips  apparently  applied  the  term  Bowland  Shales  to  those 
beds  which  occur  between  the  Kinderscoiit  and  the  Pendle  grits. 
I  now  propose  to  include  under  the  same  tenn  the  series  of  beds 
containing  practically  an  identical  fauna,  which  intervene  be- 
tween the  Pendle  grits  and  the  mass  of  Limestone,  or  if  this 
term  be  thought  to  be  unsuitable,  that  of  Pomdoniella  Shales 
would  be  useful  from  a  palseontological  point  of  view,  charac- 
terising the  beds  by  the  typical  fossil  of  the  series. 

The  Millstone  Orit  Series  succeeds  the  Bowland  Shales  in 
Derbyshire,  South-East  Lancashire,  and  South-West  Yorkshire, 
and  have  their  greatest  development  in  the  latter  area.  The 
series  consists  of  several  thick  beds  of  quartzose  and  pebbly 
grits,  nearly  all  of  fresh  water  origin,  separated  by  l)eds  of 
shale,  but  neither  lithologically  or  palfeontologically  are  they 
marked  off  from  the  Bowland  shales  below  them  or  the  coal 
measures  above.  To  the  South,  the  beds  thin  out  rapidly  and 
diminish  considerably  in  thickness,  only  two  teds,  the  first 
and  third  grits,  being  found  at  Mow  Cop,  North  Staffordshire, 
where  they  only  attain  a  thickness  of  about  200  feet.  To  the 
Xorth  of  Wensleydale  also  the  Millstone  Grit  beds  diminish  in 
number  and  thickness,  until  it  is  very  doubtful  whether  any  true 
eciuivalents  of  the  millstone  grit  rocks  are  to  be  found  north  of 
the  south  part  of  Northumberland.  In  Scotland  certain  sand- 
stones are  said  to  represent  this  series,  but  I  am  certain  that 
had  not  the  Millstone  Grit  been  accepted  as  one  of  the  main 
subdivisions  of  the  Carboniferous  system,  the  term  Millstone 
Grit  would  never  have  been  used  either  in  Northumberland  or 
Scotland.  The  beds  in  North  Wales  generally  supposed  to  be 
the  equivalents  of  the  Millstone  Grit,  I  think,  on  paLTontological 
grounds  alone,  must  be  partly  referred  to  the  Carboniferous 
Limestone  division.  This  series  is  the  Cefn  y  Fedw  sandstone. 
The  upper  part  of  the  series,  however,  the  Holly  well  shale, 
seems  to  have  a  lower  coal  measure  fauna  which  will  be  seen 
to  be  identical  with  that  of  the  grits  and  the  shales  below  them. 

At  Pule  Hill,  Lancashire,  in  a  bed  of  ferruginous  grit  just 
below  the  horizon  of  the  Pendle  grit,  is  a  marine  band  with 
numerous  examples  of  Gasteropoda  and  Bellerophon,  Myalina 
Vemmilii,  M.Flemingi,  Schizodus  antiquus.Sedgioickia  attenuata, 
and  Lingvla,  which  may  in  some  way  represent  the  Pendle  lime- 
stones, and  a  most  remarkable  marine  bed  occurs  about  the 
same  horizon  at  Congleton  Edge,  very  rich  in  lower  carbonifer- 
ous forms,  amongst  which  is  ProducUis  corn,  Orthis  Michelini, 
and  AthyHs  amhigva.    Several  marine  bands  occur  at  intervals 
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throughout  the  Millstone  Grit  Series  and  the  Coal  Measures, 
which  contain  moUusca  with  a  Lower  Carboniferous  facies,  but  the 
individuals  themselves  are  nearly  always  dwarfed.  Mr  Kirkby 
has  shown  that  similar  bands  occur  in  the  Fifeshire  coalfield. 

The  Coal  Measures  as  they  approach  the  maigin  of  the  coal- 
fields in  the  Midlands  are  conformable  with  the  grits.  I  think 
they  were  deposited  in  separate  basins  and  never  formed  a 
continuous  sheet,  because  in  many  coalfields  the  seams  are 
separated  by  shales,  etc.,  which  diminish  regularly  in  thickness 
as  they  approach  the  margin.  They  contain  themselves  beds  of 
grit  rock  of  varying  thickness,  so  that  it  is  difficult  accurately 
even  on  lithological  ground  to  limit  each  subdivision.  The 
Coal  Measures  can  be  subdivided  into  three  divisions  with  fair 
palaeontological  precision. 

The  upper  series  consist  of  beds  of  gi^eeu  and  red  marls  with 
sandstones,  and  coals  and  ferruginous  black  band,  and  towards 
the  base  a  series  of  limestones,  probably  of  inorganic  origin,  but 
containing  Spirorbis,  a  fossil  which  in  the  North  Staffordshire 
Coalfield,  however,  is  not  limited  to  this  series.  But  in  England 
this  division  is  characterised  by  the  presence  of  Anthraamya 
Phillipsii. 

The  middle  division  is  the  chief  coal-bearing  division,  and  in 
it  the  genera  Carhoniwla,  Anthracoinya^  and  Naiudites,  attain 
their  highest  development,  both  in  numbers  and  specie& 

The  Imver  or  gannister  division  has  a  peculiar  fauna  which  is 
common  to  it  and  the  Bowland  shales :  some  species  of  the 
family  Carbonicola  also  occuriing  in  these  beds. 

The  Bowland  shales  and  millstone  grit  beds  are  hardly  re- 
presented at  all  in  Belgium;  the  beds  of  Chokier,  however, 
contain  several  species  peculiar  to  the  gannister  fauna.  Further 
east  in  Eussia  they  seem  to  be  conspicuously  absent.  Although 
the  terms  Yoredale  and  Millstone  Grit  have  been  applied  to 
certain  beds  in  Ireland,  it  seems  to  me  that  they  are  unsupported 
both  by  palaeontological  and  lithological  evidence. 

So  far  I  have  produced  only  stratigraphical  evidence  firom 
the  field  in  support  of  my  classification  of  the  carboniferous 
rocks,  but  the  evidence  afforded  by  an  examination  of  the 
palaeontology  of  the  various  beds  is  even  more  emphatic  than 
that  derived  from  stratigraphical  observations. 

The  Yoredale  series  of  Wensleydale  contain  a  fauna  which, 
as  far  as  I  can  ascertain  at  present,  contains  no  species  which 
are  not  common  to  it  and  the  great  Scar  limestone  below  it, 
and  to  the  "massif"  of  Derbyshire,  unless  the  presence  of 
Edmondia  sulcata  be  an  exception.  The  various  beds  of  lime- 
stone contain  very  similar  faunas,  some  of  the  more  important 
forms,  though  absent  in  the  shales  between  them,  reappearing 
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again  and  again  in  the  limestones.  When  we,  however,  get  to 
Northumberland  and  Scotland,  the  fauna  found  in  the  shales 
differs  in  certain  marked  characters  from  that  contained  in  the 
limestones,  though,  even  here,  my  statement  as  to  the  faunas 
of  the  Yoredale  limestones  still  holds  good.  The  shales  contain 
a  larger  Bivalve  and  Gasteropod  fauna  and  fewer  Brachiopoda 
and  Actinozoa,  a  change  probabably  due  to  bat hy metrical 
causes.  The  Posidoniella  shales  of  Lancashire  and  Yorkshire 
contain  a  fauna  totally  distinct  from  that  of  the  Yoredale  lime- 
stones ;  the  following  species  occur  in  them  which  I  have  never 
met  with  in  the  Carboniferous  limestone  series : — 
Olyphioceras  Davisi,  Crick. 

„  btlingue,  Salter  sp. 

„  reticulatum,  Phill.  sp. 

„  diadema,  de  Kon.  sp. 

„  stenolohum,  Phill.  sp. 

Dimorphoceras  discrepans,  Brown  sp. 

„  Gilhertsoni,  Phill.  sp. 

Posidoniella  laevis,  Brown  sp. 

„  minor^  Brown  sp. 

,,  Kirkmani^  Brown  sp. 

„  variabilis,  Brown  sp. 

Aviculopecten  papyraceus,  Sow.  sp. 
The  latter  shell  has  been  stated  to  occur  at  lower  horizons,  but 
of  the  correctness  of  this  statement  I  have  grave  doubts.     The 
whole  question  of  the  distribution  of  this  species  is  discussed 
towards  the  end  of  this  paper. 

The  absence  of  the  characteristic  Carboniferous  Limestone 
fossils  is  very  noticeable,  the  ubiquitous  Brachiopoda  being 
barely  represented.  This  fauna  does  not  seem  to  have  existed 
in  Scotland  or  the  extreme  north  of  England,  for  although 
Posidonia  corrugata  is  common  in  the  shales  this  is  a  different 
genus  from  the  Posidoniella  of  de  Koninck. 

Much  has  been  done  on  the  continent,  both  in  Russia  and 
Belgium,  towards  zoning  the  Carboniferous  rocks,  and  the  appli- 
cation of  this  work  to  British  deposits,  produces  a  very  curious 
result,  but  I  think  on  the  whole  the  evidence  obtained  consider- 
ably strengthens  my  view. 

The  Carboniferous  series  of  Eussia  has  been  divided  into  three 
stages,  which  may  be  briefly  summarised  as  follows : — 

A.  Horizon   with   Spirifer  fasdger,    Gono- 
cardium  Uralician,  Schwagerina  pHnceps, 

B.  Horizon  with  Productvs  cora,  Margine- 
fera  Uralica,  Spirifer  siipramosquensis. 

C.  Horizon    with    Syringopora    parallela, 
Ompalotrochas  Whitnyi,  Spirifer  striates. 


Upper  stage. 

With  plant  beds 

and  coal  in  the 

Donetz. 
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With  coal  in 

Central  fiussia. 
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Middle  stage.         Horizon  of  Spirifer  Masquengis.     Fnsilina 
limestones. 

Horizon  of  Productus  giganteus,  P,  striatus, 
Chonetes  papilliona^^a,  below  which  are 
deposits  of  clay  with  Stigmaria  ficoidc\ 
and  at  the  base  a  limestone  with  Pn)- 
dudm  mesolobus. 

The  chief  authorities  for  the  above  statement  are  Tschemys- 
chew  (Ann.  Soc.  Geol.  Nord  France,  tome  xviL  1890) ;  Stnive 
(Mem.  Acad.  Imp.  St.  Petersburg,  tome  xxxiv.  No.  6, 1886),  and 
the  various  guides  issued  to  members  of  the  7th  International 
Congress  by  Nikitin  (Central  Russia),  Tschemyschew  and 
Loutonguin  (the  Donetz  and  the  Urals). 

With  regard  to  this  palaeontological  sequence  I  would  a<ld 
that,  in  the  Donetz  basin,  the  lists  of  fossils  given  as  belonging 
to  Horizon  A,  very  few  have  been  recognised  in  Western 
Europe,  and  the  Fauna  as  a  whole  is  very  distinct  from  that 
contained  in  the  beds  below  it,  especially  towards  the  top. 

Tlie  exact  zonal  limitations  of  the  Horizons  A  and  B  is  not 
at  all  so  satisfactory  ;  for,  according  to  the  lists  in  the  guide  to 
Le  Bassin  du  Donetz,  six  subdivisions  occur  in  the  middle  stage, 
and  Productiis  cora  is  said  to  occur  frequently  with  S.  nwsqu^ims 
and  P,  giganteus  (Struv(5).  On  the  other  hand,  both  these 
forms  occur  together  in  the  lower  beds  of  the  upper  series,  both 
above  and  below  beds  with  SpiH/er  mipramosquensvi ;  but  it  also 
appears  that  Sp.  Mosquensis  is  absent  in  beds  containing  Spirifir 
fasciger. 

Spirifer  fasciger  is  considered  by  Davidson  to  be  a  synonym 
ofSp,  duplicicoHta  (Phillips).  He  says,  "  Sp.  fasciger  (Keyserling) 
evidently  belongs  to  the  same  species  and  has  been  so  ad- 
mitted by  Professor  M'Coy."  Mono.  Brit.  Carb.  Brachiopoda, 
p.  25. 

Mr  Etheridge,  in  his  paper  on  the  "  Palteontology  of  the  coasts 
of  the  Arctic  lands/*  Nares*  expedition,  Q.  J.  Geol.  Soc,  vol.  xxxiv. 
p.  628,  says,  in  his  remarks  on  Spirifer  dnplicicosta :  "  Keyserling 
has  described  a  species  {Spirifer  fasciger)  from  Petschom  land 
.  .  .  which  certainly  is  the  same  as  our  British  form  and  the 
Spirifer  dnplicicosta  brought  from  Feilden  Isthmus.  This  species 
is  common  and  abundant  in  space  and  time  through  the  car- 
boniferous series;  occurs  everywhere  in  Britain  and  in  many 
places  in  Ireland,  Belgium,  etc."  It  is  sufficient  for  my  purpose 
to  add  that  this  species  occurs  in  the  zone  of  Productus  giganteuA 
in  Great  Britain  and  Ireland,  and  in  Belgium. 

Productus  viesolobiis  is  also  stated  by  Etheridge  to  occur  at 
the  same  locality  in  Feilden  Isthmus.     It  also  is  found  in  the 
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uppermost  beds  of  the  carboniferous  limestone,  so  that  we  are 
asked  to  believe  that  in  Eussia,  species  which  occur  together  in 
Great  Britain  and  in  the  Arctic  lands  are  characteristic  the  one 
of  the  base  and  the  other  of  the  top  of  the  Bussian  Carboniferous 
series. 

Some  question  may  be  raised  as  to  what  still  is  meant  by 
Froductus  cara  (d'Orbigny),  the  oiiginal  type  coming  from 
Bolivia.  De  Eoninck  saw  the  type  and  felt  positive  that  it 
was  identical  with  the  Europeap  species,  which  had  been 
described  as  P.  comoides  (de  Koninck)  and  F.  oorrugata 
(M*Coy). 

Dr  Waagen  has  studied  this  question  in  his  work  on  the  Salt 
Kange  fossils.  (Palaeontologia  Indica,  ser.  xiii.,  Salt  Bange  fossils, 
p.  667-678).  Shells  from  this  region  had  been  referred  by 
Davidson  and  de  Koninck  to  P.  cora ;  but  Waagen,  while  re- 
cognising the  presence  of  that  fossil  there  in  the  lower,  middle 
and  upper  divisions  of  the  series,  says  that  there  are  certain 
allied  forms  which  form  a  group  the  members  of  which  differ 
between  themselves  and  can  be  subdivided  into 

Group  of — 

Productiis  cora  with  no  sinus,  but  occasional  spines  on 
ventral  valve. 

Group  of — 

P.  Nefedievi  with  a  general  absence  of  spines  and  the 
presence  of  a  median  impression  on  the  visceral  part 
of  the  ventral  valve. 

Further  he  shows  that  P.  corru^aUts  (M*Coy),  possessing  few 
or  no  spines  and  no  sinus,  differs  from  P.  cora;  and  he  describes 
a  new  species,  P.  lineatus,  which  has  spines  and  a  small  ventral 
fold.  Speaking  of  P.  corrugatits  (M*Coy),  Dr  Waagen  says :  "  I 
have  stated  above  that  I  consider  this  species  as  distinct  on 
account  of  the  general  absence  of  spines  on  the  surface,  whereas 
these  spines  are  never  absent  in  P.  cora.  Otherwise  Frod. 
corrugatus  shows  the  same  configuration  and  the  same  inflation 
of  the  ventral  valve." 

Trautschold  described  and  figured  a  shell  from  the  zone  of 
Sp.  Mosquensis  at  Miatchkovo  as  P.  cora,  which  Waagen  identifies 
with  his  P.  lineatus,  and  he  further  states  that  "  In  the  Upper 
Carboniferous  beds,  the  Upper  Carboniferous  Limestone  of  Bussia, 
the  Coal  Measures  of  America,  etc.,  forms  with  surface  spines 
occur  exclusively.*'  The  figure  given  by  Trautschold  (Die 
Kalkbriiche  von  Mjaltschkowa,  cap.  v.  p.  91),  is  certainly 
identical  with  M'Coy's  P.  corrugata  and  shows  the  presence 
of  few  spines,  and  this  author  considers  the  P.  Nefedievi  (de 


Digitized  by  VjOOQIC 


346  EDINBURGH   GEOLOGICAL  SOCIETY. 

Verneuil)  a  synonym.  It  would  therefore  appear  that  P.  am 
occurs  also  in  the  middle  division  of  the  Carboniferous  rocks  of 
Eussia. 

The  form  of  P.  cora  which  occurs  in  Great  Britain  is 
that  described  and  figured  by  Davidson  as  P.  corrugaia,  by 
M*Coy,  i.e.,  with  few  spines  and  no  sinus ;  but  Davidson  is 
careful  to  state  of  P.  cora:  "Ventral  valve  gibbous,  evenly 
convex,  or  slightly  flattened  along  the  middle";  and  again, 
"  Spines  few  in  number,  sparing,  scattered  over  the  surface." 

Are  the  small  differences  adduced  by  Dr  Waagen  sufficient 
for  the  erection  of  so  many  species  ?  It  appears  that  it  is  a 
question  of  the  number  of  spines  and  a  small  sulcus  in  the 
ventral  valve,  and  that  on  these  facts,  themselves  not  constant, 
four  diflferent  species  are  retained : — 

P.  cora  with  spines,  and 

P.  corrugatus  with  few  spines ; 

P.  Nefedievi  with  few  spines  and  a  ventral  sulcus ; 

P.  lineatus  with  spines  and  a  ventral  fold. 

It  is  a  well-known  fact  that  in  all  shells  the  absence  or 
presence  of  the  non-vital  characters,  such  as  external  ornament, 
spines,  and  even  the  number  of  hinge  teeth,  depend  on  the 
environment,  a  highly-ridged  and  oniate  species  becoming 
almost  plain  under  altered  conditions.  It  is  also  well  estab- 
lished that  numerous  species  of  Produrtiis  often  lose  or  acquire 
a  ventral  sulcus,  even  in  the  same  locality.  For  example,  I 
have  a  large  series  of  P.  hiimerosus  from  the  limestone  of 
Cauldon  Low,  Staffordshire,  which  show  all  the  transitions 
from  a  perfectly  convex  ventral  valve  through  a  sulcated  form 
to  one  with  an  acute  ridge  with  spines  in  the  centre  of  the 
sulcation,  and  I  have  also  obtained  from  a  single  horizon  P. 
cora  without  spines,  with  spines,  and  with  and  without  a 
median  sulcus  in  the  ventral  valve,  but  I  am  prepared  to  admit 
that  in  some  places  the  spined  varieties  do  occur  more  frequently 
than  those  forms  without  such  appendages. 

If,  then,  Productus  cora  and  Spirifer  fasdgefi*  are  identical 
with  those  shells  which  are  generally  recognised  in  the  West  of 
Europe  as  P.  cora  and  Sp.  duplicicostay  both  of  these  species 
occur  with  P.  giganteus  in  Great  Britain  and  they  must  be  re- 
garded as  of  little  value  for  the  purposes  of  the  identification 
of  horizons  by  zonal  forms,  at  great  distances;  but  there  is, 
perhaps,  more  evidence  from  lower  forms  of  life  that  the 
Upper  Carboniferous  beds  of  Eussia  have  a  somewhat  distinct 
fauna  from  that  which  is  found  in  the  upper  part  of  the 
Carboniferous  Limestone  series  in  Belgium  and  Great  Britain. 

It  is  to  be  noted  also  that  Spirifer  striatxis  is  stated  to  be 
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characteristic  of  the  lower  b6d  of  the  upper  stage;  but  neither 
in  Struv^'s  work  or  the  lists  given  in  the  Donetz  guide  can 
I  find  that  this  species  occurs  in  the  lower  division. 

It  seems  to  be  fairly  conclusively  settled  that  Spirifer  mos- 
quensis  and  Frodudus  cara  are  not  met  with  in  the  lower 
stage. 

It  is  interesting  to  note  that  two  genera  of  Brachiopoda, 
Enteletes  and  Meekella,  occur  in  the  middle  and  upper  di\asions, 
and  are  not  known  in  the  carboniferous  beds  of  Western  Europe, 
though  these  are  present  in  beds  of  carboniferous  age  in  the 
Salt  Bange,  India,  and  in  North  America. 

In  Belgium  de  Koninck  and  Dupont  have  attempted  to 
establish  three  stages  in  the  carboniferous  deposits,  but  their 
work  has  not  been  universally  received  by  Belgian  geologists. 

These  stages  are — 

Superior.  ViSEAN,  with  Productus  giganteus ;  P.  striaUcs,  P, 
punctatus,  Ghonetes  papillionacea,  Spirifer  glaber,  8p. 
bistUcatuSy  Olyphioceras  sphcericum,  and  G.  striatus^  and 
with  a  bed  of  Productiis  cora  towards  the  base. 

Middle.  Waulsortian,  with  Amplexus  coralloides,  Syringo- 
thyris  cvspidatus,  SinHfer  striatus. 

Infei-ior.  TOURNAISIAN,  with  Spirifer  Tornacetisis^  Sp.  cinctus, 
Sp.  laviinosfiis,  Syringothyris  distaiis,  Athyris  Royssii, 
A,  lamellosuSy  Orthis  Michelini. 

Till  recently  (1883)  it  has  been  supposed  that  Spirifer 
Mosquensis  occurred  in  Belgium  in  the  Tournai  beds,  and  that 
the  Visean  series  were  at  the  base,  because  they  rested  im- 
mediately upon  beds  of  Devonian  age.  De  Koninek  at  that 
date  published  a  paper  on  S,  mosqueiids  (Bull,  de  Mus.  Roy., 
1883,  tom.  ii  p.  371),  in  which  he  showed  that  he  had 
been  mistaken  in  the  identity  of  the  fossil,  and  showing  that 
the  Belgian  specimens  differed  from  the  Russian  species,  and 
proposing  the  names  of  Spirifer  cinctus  and  >S^  Tornacensis 
for  the  former.  A  fair  number  of  drawings  are  given  of 
each  species  and  of  others  of  somewhat  similar  shape,  and  the 
following  is  a  translation  of  what  is  said  under  the  head  of 
**  Eapports  et  diffi^rences  "  at  the  end  of  the  description  of  Sp. 
ductus.  "In  1842 1  confounded  this  species  with  Sp.  inosquensia, 
which,  by  the  variations  which  the  relation  of  the  various 
dimensions  undergo  according  to  age,  and  from  the  structure  of 
ite  radiating  ribs,  has  some  analogy  with  it.  I  have  already 
remarked  that  it  differs  essentially  by  its  great  size,  and 
further  still  by  the  absence  in  the  ventral  valve  of  diverg- 
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ing  dental  lamellae  so  strongly  developed  in  its  Russian  con- 
gener." 

Sp,  Mosquensis  has  the  following  proportions :  transverse 
diameter,  45  mm. ;  vertical  diameter,  55  mm. ;  Sp.  cinctus, 
85:92. 

I  am  inclined  to  accept  de  Koninek's  view,  and  would  say 
that  Sp,  cinctus  and  Sp.  Tomacensis  occur  in  the  carboniferous 
limestone  of  limerick.  There  will  be  little  difficulty  in  dis- 
tinguishing between  Sp.  Mosquensis  and  Sp.  Tomacensis;  the 
latter  being  always  tranverse,  its  area  somewhat  shorter  than 
the  greatest  transverse  diameter,  and  the  radiating  strise  fewer 
and  deeper,  and  is  more  allied  to  Sp.  striatus,  from  which  I 
should  not  like  to  say  it  is  distinct  Sp.  cinctus  has  its  trans- 
verse diameter  somewhat  longer  than  that  from  the  beak  of  the 
ventral  valve  to  the  opposite  edge,  the  area  being  a  little  shorter 
than  the  transverse  diameter,  the  sulcus  and  fold  being  ver}' 
slightly  developing,  its  margin  extending  beyond  the  rest  of  the 
edge  of  the  valve,  the  connecting  border  being  concave  on  both 
sides,  and  the  radiating  striss,  though  numerous,  are  much  larger 
and  broader.  In  Sp.  Mosquensis  the  transverse  is  shorter  or 
equal  to  the  other  diameter,  the  sulcus  is  well  marked  in  the 
ventral  valve,  its  free  border  is  not  emarginated  but  elevated, 
and  the  striae  are  very  numerous  and  flat 

The  young  forms  of  Sp.  ductus  are  relatively  more  transverse 
than  the  adult  Professor  de  Walque  thinks  that  de  Koninck 
was  in  error  in  referring  this  species  to  Keyserling's  Sp.  dndus, 
and  proposes  the  name  Sp.  Koniruhi^  unless  it  is  established 
that  they  are  only  variations  of  their  ancestor,  Sp.  Tomacensis 
(Ann.  Soc.  G^ol.  Beige.,  tome  xxii.  p.  xlvi.). 

In  de  Koninck's  latter  work  (Ann.  Mus.  Eoy.  d'hist  Mat. 
Belg.,  1885)  he  describes  two  more  species,  Sp,  suavis  and  Sp. 
spissus,  from  the  Waulsortian  and  Vis^an  stages  respectively, 
which  seem  to  resemble  Sp,  Mosquensis  more  closely  in  shape, 
though  they  do  not  appear  to  possess  so  many  ribs ;  but  as  I 
have  not  seen  these  specimens  I  am  unable  to  pronounce  with 
certainty  upon  their  affinities  as  I  have  not  been  able  to  examine 
them.  The  species  invented  by  de  Koninck  must  be  received 
with  a  certain  amount  of  hesitation,  because  he  avowed  that 
he  thought  he  was  justified  in  considering  any  form  which 
varied  constantly,  in  however  slight  a  degree,  a  different  species, 
provided  that  it  occurred  at  a  different  horizon. 

Perhaps  the  bent  of  de  Koninck*s  mind  towards  the  erection 
of  species  may  be  best  obtained  from  the  following  analysis 
of  his  great  work  on  the  Fauna  of  the  Carboniferous  Lime- 
stone of  Belgium,  which  was  not  completed  when  he  died  in 
1887. 
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Altogether  1123  species  are  figured  and  described, 

Lamellibranchiata  .  461 

Gasteropoda  ....       499 

Brachiopoda,  not  completed  .  .130 

Goniatites .....         33 

which  are  distributed  as  follows : — 


I 


Lamellibranchiata, 
I  Gasteropoda, 
'  Brachiopoda,^    . 

,  Goniatites, , 


VisAan 

222 

283 

64 

Upper.    Lower. 

18     +     1 


Waulsobtian  Tournasian      Total 


158 

95' 

37 

Upper.    Lower. 

3  3 


588 


296 


81 

122 

29 

461 
500 
130 

10 

35 

242 

1126 

So  that  only  one  Gasteropod  and  two  Goniatites  occur  at  more 
than  one  horizon,  the  former  is  marked  with  a  ?  as  a  doubtful 
diagnosis,  and  the  two  Cephalopoda  are  common  to  both  stages 
of  the  Waulsortian. 

This  is  a  condition  of  things  utterly  different  from  that  which 
obtains  either  in  Bussia  or  Great  Britain,  and  one  that  an 
examination  of  the  Belgian  specimens  will  not  endorse.  Pro- 
fessor de  Walque  has  pointed  out  in  several  papers  that  many 
of  de  Koninck's  species  occur  as  other  horizons.  In  the 
*'  L^gende  "  of  the  geological  map  of  Belgium,  published  in  1896, 
the  following  stages  of  the  Carboniferous  rocks  are  indicated. 

f  IJtage  moyen  ou  houiller  proprement  dit. 
Poudingue. 
gres,  Psammites,  schistes,  cal- 

caire  encrinitique,  houille 

niaigre. 
Phtanites  and  schistes,  sili- 

ceux,       amp^lites,       sans 

houille. 

'  Calca,iTehProductusgiganfeus 
and  P.  striat'us  with  beds 
of  anthracite. 

Calcaire  noir  et  gris. 

Calcaire  k  grains  cristallin, 
oolitliique  ou  compacte 
Procludus  cora. 


Houiller 


Etage  inf^rieur 


Etage 
Vis^an 


Assise  de  Vis6 


^  One  specimen  doubtfully  given  as  occarring  in  the  Waulsortian  stage  as  well 
M  the  Via^an. 

^  Only  Dielasma,  Rhynchonella,  Camarophoria,  Athyiis,  Retzia,  Acambona, 
Spirifer. 
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Etage 
Visean 


^tage 
Toumaisiaii  \ 


Assise  de  Dinant .  \ 


Assise  des  Ecaiis- 
sines  et  de  Waul- 
sort 


\ 


f  Calcaire  noir  et  bleu  a 
crinoides,  grande  ilolomie 
Chonetes  papUlionaaa. 
Marbre  noir  de  Dinant  en 
partie  avec  cherts  noire 
souvent  dolomitise. 

Calcaire  k  crinoides,  a  Spiriftr 
KaniJirki  (cinctus). 

Calcaire   d'Yvoir,  k  Sp. 
Konincki. 
Fades  Walsortien,  lithological  characters  only. 

Calc  schist  and  calcaire  noirs 
argilleux,  calcaire  k  crin- 
oides.  Spirifer  TomacensU, 
Schistes  ioncjis,Spirifer\M 
octoplicata  and  Spirifer 
Torruuensis. 

Calcaire  noir  et  bleu  a 
crinoids  avec  schistes  in- 
tercales  k  Phillipsia,  gros 
Spirifer  glaher  etSp.  Tama- 
ccfms  abondants. 


Assises  d'Hastifere 


In  this  classification  it  must  be  noted  that  the  Waulsortias 
of  Dupont  and  de  Koninck  is  only  considered  as  a  local  phase  of 
the  ToURNAISLiN. 

One  very  important  palseontological  fact,  however,  seems 
fairly  conclusively  established,  and  that  is  the  presence 
of  Produdus  cm-a  in  beds  below  that  with  P.  gigariteus.  In 
liussia  the  reverse  is  the  case,  P.  cora  being  characteiistic  of 
the  superior  division,  while  P.  giganteus  is  never  found 
above  the  lower  division.  Speaking  broadly,  too,  the 
whole  of  the  fossils  mentioned  above  as  distinguishing 
the  threefold  division  of  de  Koninck  and  Dupont  are 
found  at  the  same  horizon  in  Great  Britain  and  Ireland, 
and  I  have  obtained  myself  five  out  of  the  seven 
species  given  as  typical  of  the  Tournaisian,  in  beds  which 
contain  Product  us  giganteus,  in  Derbyshire,  which  are  the  very 
topmost  beds  of  the  Carboniferous  Limestone.  Several  short 
notices  by  de  Koninek  and  Professor  M.  Lohest  have  heen 
published  on  the  parallelism  between  the  limestones  of  Ireland, 
the  Bristol  and  the  Pennine  districts,  and  the  various  stages  as 
shown  in  Belgium ;  but  unfortunately  de  Koninck  foundetl 
much  of  his  views  on  the  examination  of  museum  specimens, 
and  Professor  Lohest  has  relied  chiefly  on  lithological  simi- 
larities, and  observations  limited  to  very  small  areas.  I  have 
lately  reviewed  in  detail  their  conclusions  and  may  sum  up  my 


Digitized  by  VjOOQIC 


SUBDIVISIONS  OF  CABB0NIFER0U8  SERIES  IN  GREAT  BRITAIN.    351 

deductions,  that  however  possible  it  may  be  to  state  precisely 
the  zones  in  which  certain  fossils  occur  in  Belgium,  the  same 
species  have  not  such  a  distinct  horizontal  limitation  in  the 
Carboniferous  beds  of  Great  Britain  and  Ireland.  For  according 
to  the  zones  as  determined  for  Bussian  Carboniferous  beds,  the 
upper  two  Russian  zones  are  absent  in  Belgium,  which,  on  the 
other  hand,  possesses  a  distinct  zone  {coal  measures)  above,  and 
the  Toumaisian  below,  which  are  not  apparently  represented  in 
Eussia,  and  though  the  two  deposits  may  be  contemporaneous 
in  time,  we  can  hardly  on  palaeontological  grounds  recognise 
the  coal  measures  of  Belgium  as  the  equivalents  of  the  zone  of 
Spirifer  Mosquensis  and  Productus  cora  and  Spirifer  fasciger  in 
Eussia.  It  appears  too  that  the  Belgian  succession  is  never 
found  in  situ,  and  therefore  it  may  have  been,  as  de  Koninck 
thought  at  first,  that  the  Visean  and  Toumaisian  faunas  were 
contemporaneous,  but  lived  in  separate  marine  basins.  For  the 
present,  it  is  impossible  to  compare  the  faunas  of  the  Carbon- 
iferous beds  of  North  America  with  those  of  Europe,  owing  to 
the  fact  that,  whether  correctly  or  not  is  impossible  at  present 
to  be  stated,  American  palaeontologists  have  given  new  names 
to  nearly  every  species  occurring  in  them.  Broadly  speaking, 
I  believe  that  the  following  generalisation  is  correct :  the  fauna 
of  the  Carboniferous  beds  east  of  the  Eocky  Mountains  have  a 
great  faunal  resemblance  to  those  of  Western  Europe,  while 
those  beds  west  of  the  Eocky  chain  have  in  their  faunas  a 
greater  affinity  to  Indian  and  Eussiau  Carboniferous  beds.  In 
the  synopsis  of  the  American  Fossil  Brachiopoda  Bui.,  U.S. 
(xeol.  Surv.,  No.  87,  1897,  Prodvctvs  cora  and  P.  giyanteus  are 
quoted  from  Upper  Carboniferous,  P.  cora  being  stated  to  occur 
"  tliroughout  the  Upper  Carboniferous  of  North  America ; 
Itartuba  and  Barreirinha,  Brazil ;  Yampopata,  Cochabamba 
and  Lake  Titicaca,  Bolivia."  P,  giganteus  is  only  quoted  from 
Shasta  County,  California. 

In  this  work  the  Carboniferous  series  of  N.  America  is 
classified  as  follows : — 

Eo  Carboniferous.  Meso  Carboniferous.         Neo  Carboniferous. 

Kaskaskia, 
St  Louis. 

Keokuk.  mSSL.  P^"^""'*"- 

Burlington. 

Kinderhook. 

In  the  table  P.  cora  seems  to  be  limited  to  the  coal  measure 
group,  and  P.  giganteus  to  the  Kaskaskia  and  St  Louis  group. 
The  other  species  used  as  zonal  forms  in  Europe  have  not  yet 
l)een  recognised  in  North  America. 
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The  preceding  scheme  shows  my  conclusions  as  to  the  various 
equivalents  of  British  Carboniferous  rocks  divided  into  two 
divisions  based  on  broad  palteontological  lines. 

It  will  be  seen  at  once  that  in  Great  Britain  and  Ireland  the 
zone  of  Product  lis  giganteus  is  very  largely  developed,  and 
characterises  the  whole  of  the  calcareous  deposits  occurring 
equally  throughout  the  Yoredale  series  of  Phillips  and  the  great 
Scar  limestone  below  it :  but  above  and  below  these  lines  it  has 
never  yet  been  recorded.  This  may  very  fairly  account  for  the 
fact  that  we  find  in  British  deposits,  that  those  fossils,  which  in 
Belgium  only  survived  for  certain  definite  periods,  were  able  to 
exist  throughout  the  whole  period,  and  we  therefore  get  a  com- 
plete mixture  of  the  Toumaisian  and  Vis^an  faunas  ;  but,  on  the 
other  hand,  we  are  not  able  even  to  assert  that  any  of  the  Lower 
Carboniferous  fauna  of  Belgium  came  into  existence  in  the 
British  area  before  those  of  the  Vis^an,  but  both  seem  to  have 
arrived  there  simultaneously. 

I)e  Koninck  thought  that  he  recognised  that  the  limestones 
of  Hook  Point,  Dublin  (subsequently  omitted),  Limerick  and 
Armagli  had  a  Tournaisian  fauna,  and  so  far  he  was  correct, 
but  he  did  not  notice  that  Produetus  giganteus  and  other  typical 
Vis&n  fossils  were  also  present. 

The  question  of  the  occurrence  or  not  of  Spirifer  Mosquensis 
in  Great  Britain  is  an  important  one,  but  one  which  I  have  not 
yet  been  able  to  decide.  The  evidence  is  as  follows : — Davidson 
figured  in  his  monograph  on  the  British  Carboniferous  Brachiopoda 
(pi.  iv.  figs.  13, 14)  two  examples,  one  said  to  be  from  Derbyshire, 
belonging  to  Cambridge  University,  and  one  from  Little  Island, 
Ireland,  in  possession  of  the  Eoyal  Dublin  Society  ;  unfortunately 
the  former  specimen  has  disappeared  and  I  have  not  been  able 
to  see  the  other,  but  I  must  confess  that  the  figures  cannot  be 
differentiated  from  examples  from  Russia.  In  the  appendix 
published  in  1880  it  seems  that  Davidson  thought  Sp.  Mosqaeiids 
might  Ije  only  a  variety  of  Sp.  striata,  but  he  gives  figures  of 
two  specimens  which  have  a  shape  similar  to  that  of  Sp.  Mos- 
quensis  under  the  name  Sp.  tHgonalu  var.  bisulmta,  from  the 
upper  limestones  of  the  West  of  Scotland  (pi.  xxxiv.  figs.  3  and  4). 
Davidson  says  himself  of  one  of  these  specimens :  "  It  is  very 
deep  between  the  valves  and  comes  very  near  to  Spirifer  Mos- 
qnensis,  a  species  not  hitherto  recognised  in  Scotland,  being  only 
distinguished  from  it  by  its  fewer  ribs."  In  the  appendix  and 
summary  published  a  few  years  later,  however,  Davidson 
accepted  without  comment  de  Koninck's  view  that  the  species 
did  not  occur  in  either  Belgium  or  Great  Britain. 

Dr  John  Young  has  kindly  compared  these  Scotch  specimens 
with  one  of  Sp.  Mosqitensis  from  the  middle  carboniferous  of 
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Miatchkovo,  near  Moscow.  He  says  that  while  allied  to  that 
species  in  fonn  the  Scotch  examples  have  fewer  ribs,  only  40 
compared  with  70,  and  the  fold  on  the  ventral  and  dorsal  valves 
are  deeper.  I  have  also  examined  a  series,  sent  me  by  Mr  J. 
Neilson,  as  possible  specimens  of  8p.  Mosgn^^^nsis,  from  the  Upper 
Limestone  Series  of  the  neighbourhood  of  Glasgow,  but  they  are 
quite  distinct,  having  fewer  ribs  and  those  covered  by  regular 
and  conspicuous  herring-bone  imbrications.  The  dorsal  and 
ventral  folds  are  more  elevated,  and  the  contour  transverse 
rather  than  deep. 

Dr  Young  tells  me  that  he  has  a  specimen  from  Co.  Cork 
which,  though  larger,  agrees  very  closely  with  Sp,  MosgucTisis  in 
shape  and  the  number  of  ribs,  so  that  it  is  possible  that  the 
species  occurs  in  Great  Britain,  but  it  seems  to  be  a  very  rare 
fonn  with  us. 

I  have  been  able,  by  the  kindness  of  the  Director-General  of  the 
Survey,  to  examine  the  series  of  Spirifers  named  Sp,  Mosquensis 
in  their  collection  at  Dublin.  I  do  not,  however,  recognise  cue 
specimen  of  this  species  amongst  them,  but  the  series  contains 
fine  examples  of  Sp.  cinctm  (Koniuck)  and  Sp.  Tornacensis  (tie 
Koninck).  Both  these  species,  I  may  repeat,  are  stated  to  l)e 
confined  to  the  Tournaisian  of  Belgium. 

Through  the  kindness  of  Professor  Lloyd  Morgan  I  have  been 
able  to  satisfy  myself  that  the  shell  named  Sp.  Mosqiiensis  by 
Stoddart  from  the  lower  limestone  of  Clifton  is  not  that  species 
but  probably  Sp.  planata  (Phillips). 

The  beach  beds  at  the  top  of  the  mountain  limestone  of 
Derbyshire  contain  thousands  of  examples  of  Prodwctus  gigantevs 
and  its  varieties,  but  above  this  horizon  it  is  never  found  in 
that  country.  Although  at  a  few  horizons  bands  containing  a 
faima  with  the  faces  of  the  zone  of  P.  gigantcus  occur  in  the 
millstone  grits  and  coal  measures,  yet  the  zonal  form  itself 
never  recurs  and  the  beds  are  limited  in  extent  to  a  few  feet. 
The  lower  coal  measures,  grits,  and  Bowland  or  Posidoniella 
shales  are  characterised  by  the  peculiar  fauna  mentioned  above, 
none  of  the  species  of  which  are  known  to  occur  in  the  Lower 
Carboniferous  Division.  This  fauna  is  a  marine  one,  but  is 
never  present  with  the  recurrent  faunas  from  l)elow,  and  fresh 
water  beds  with  the  coal  measure  genus  Carbonicola  are  known 
low  down  in  the  series  at  Pule  Hill,  near  Marsden,  tho\igh  they 
too  are  never  actually  associated  in  the  same  beds  with  the 
typical  fauna  of  the  series. 

The  horizontal  distribution  of  Productus  crn^a  in  Great  Britain 
and  Ireland  is  interesting  when  compared  with  the  occurrence 
of  that  fossil  in  Kussia  and  Belgiimi. 

The  highest  horizon  at  whicli  I  have  yet  obtained  it  is  hxuu 
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a  concretionary  calcareous  band  in  the  Posidoniella  shales  of 
Congleton  Edge  some  few  hundred  feet  below  the  third  bed  of 
millstone  grit.  This  bed  is  several  hundred  yaixls  above  the 
mountain  limestone  which  outcrops  at  the  foot  of  the  hill,  above 
which  I  have  never  been  able  to  find  P.  giganteiis.  On  the 
other  hand,  P.  cora  occurs  at  various  horizons  throughout  the 
zone  of  P.  giganteifs,  being  more  common  in  the  upper  than  in  the 
lower  beds.  Mr  J.  Kirkby  records  the  presence  of  this  species 
in  the  upper  500  feet  of  the  Calciferous  Sandstone  Series  of 
Fifeshire.  Thus  the  zone  of  P.  cora  in  Great  Britain  overlaps 
both  above  and  below  the  zone  of  P.  giganteus,  while  in  Russia 
this  species  is  only  found  above  that  zone,  and  in  Belgium, 
below  it.  Spirifer  glaber  is  considered  to  be  a  typical  zonal 
form  of  one  of  the  lower  beds  of  the  Hastiferc  facies  of  the 
Tournaisian.  In  Great  Britain  I  have  obtained  very  large 
examples  of  this,  one  of  the  commonest,  species  in  the  upper 
-l^eds  of  the  zones  of  Productus  gUjanteus  at  Castleton,  Derby- 
shire, Cracoe,  Yorkshire,  and  from  my  own  experience  in 
collecting  fossils  I  should  say  that  it  was  much  less  frequently 
met  with  in  the  lower  than  in  the  upper  beds  of  this  zone. 
Stoddart,  however,  records  its  presence  in  the  Oracanthus  bed 
near  the  top  of  the  lower  limestone  shales  of  the  Avon  section. 

Chonetes  papUUonacea  has  in  Great  Britain  a  distribution 
which  is  practically  identical  with  the  zone  of  P.  gigantevs, 
and  we  are  unable  to  identify  a  lower  or  any  horizon  to  which 
the  fossil  is  peculiar,  as  in  Belgium. 

Orthis  Michelini  is  another  fossil  which  with  us  has  a  very 
wide  horizontal  distribution,  occurring  in  beds  (Congleton  Edge) 
far  above  the  top  of  the  zone  of  Prodvctus  gigantens.  In 
Belgium  it  is  stated  to  be  limited  to  the  lower  beds. 

The  peculiarities  of  the  distribution  of  the  species  alluded 
to  above,  in  the  Carboniferous  rocks  of  Great  Britain,  will  at 
once  account  for  the  difficulties  in  correlating  them  with  their 
European  equivalents,  but  I  venture  to  hope  that  a  better 
appreciation  of  the  various  equivalents  in  Great  Britain  itself 
may  render  tliis  task  somewhat  less  difficult. 

A  word  or  two  is  necessary  with  regard  to  certain  of  the 
species  which  I  have  suggested  as  zonal  forms  in  mv  scheme, 
p.  360. 

Modida  Macadavnii. — I  have  shown  in  my  monograph  on 
the  Brit.  Carb.  Lamellibranchiata  that  Portlock  described 
under  this  term  two  distinct  species,  and  one  other  as  a  variety. 
I  therefore  use  this  term  as  restricted  by  me.  This  species 
has  however  been  quoted  by  Binney,  Dugdale,  Hull,  and 
others  as  occurring  in  the  upper  and  lower  coal  measures  of 
the  Lancashire   coalfield.      This,   I    am   sure,   is   due   to    an 
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erroneoufi  identification.  Mr  H.  Bolton  (Proc.  ManA  Lit.  Phil. 
Soc.,  vol.  xlL,  pt.  iii.)  has  shown  that  the  shell  quoted  by 
Dugdale  (Trans.  Mand.  Geol.  Soc.,  vol.  xix.)  belongs  to  the 
genus  Anthracomya,  and  I  think  that  Binney's  shell  will  turn 
out  to  be  Anthracomya  Phillij>sii^  for  Hull  quotes  him  at  p.  10 
of  the  Geol.  Surv.  Memoir,  "  The  Country  round  Prescot,"  aa 
the  authority  for  the  occurrence  of  M,  Macadamii  in  the  upper 
coal  measure  marls  of  Sutton.  I  have  never  yet  seen  any  other 
bivalve  shell  at  this  horizon  than  A.  FhilHpsii. 

AvicuUxpecten  papyraceus. — In  England  and  Ireland  this 
species  is  certainly  typical  of  a  certain  horizon  from  the  base 
of  the  Bowland  shales  to  the  gannister  series.  Authors  have 
quoted  its  occurrence  at  other  widely  different  horizons. 
Baily  states  ("  Characteristic  British  Fossils,"  pt.  i.  Palaeozoic, 
p.  113) :  "  This  very  characteristic  coal  measure  fossil  has  also 
been  found  as  low  down  in  the  series  as  the  carboniferous 
slate,  where  it  was  obtained  at  Clonakilty,  Co.  Cork  .  .  .  and 
identified  by  the  author."  I  have  had  the  privilege  of  ex- 
amining these  specimens,  now  in  the  collection  of  the  Geological 
Survey  of  Ireland,  and  am  able  to  state  with  certainty  that  the 
species  are  quite  distinct.  The  Clonakilty  specimens  are  of 
different  shape,  and  have  the  ribs  covered  by  a  series  of 
tubercular  nodules,  which  is  not  the  case  with  A,  papyraceus. 

Baily  goes  on  to  say :  "  Professor  J.  Phillips  also  mentions  its 
occurrence  under  the  name  Fecten  papyra/^eus  in  Carboniferous 
Limestone  near  Harrogate  and  in  BoUand,"  but  this  is  incorrect. 
Phillips  says :  "  F.  papyraceus  is  found  near  Harrogate  and  in 
BoUand,"  and  omits  the  words  Carboniferous  Limestone,  which 
are  an  invention  of  Mr  Baily.  Indeed,  the  Carboniferous  Lime- 
stone does  not  crop  out  anywhere  near  Harrogate  but  which  is 
situated  near  Millstone  Grit  country,  in  which  beds  the  shell 
ou<,'ht  to  occur.  With  regard  to  BoUand,  this  is  a  district  in 
which  the  Bowland  shales  occur  as  well  as  the  Carboniferous 
Limestone.  This  explanation  is  important,  because  Mr  IJ. 
Etheridge  also  follows  Baily,  and  erroneously  makes  Phillips 
say  Mountain  Limestone,  and  goes  on  to  say,  "  My  father  in- 
forms me  that  specimens  from  the  Mountain  Limestone  are  in 
tht^  Oxford  Museum."  I  have  made  inquiries,  but  cannot  ascer- 
tain that  this  is  so.  There  is  a  species  of  Avieidopecten  in  the 
Mountain  Limestone  of  Derbyshire,  probably  as  yet  undescribed, 
which  has  a  certain  resemblance  to  A.  papyraceus,  and  which 
may  be  mistaken  for  it  by  those  who  do  not  know  the  species, 
but  they  are  quite  distinct.  Baily  also  states  that  A,  papyrcuctm 
occurs  in  the  Upper  Carboniferous  Limestone  of  Co.  Dublin,  a 
statement  the  correctness  of  which  I  doubt. 

In  Scotland,  however.  Avieidopecten  papyraceus  undoubtedly 
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does  occur  at  an  apparently  different  horizon  from  that  in  which 
it  is  found  in  England,  namely,  East  Kilbride,  in  shale  2^  feet 
above  the  Calderwood  cement  stone,  Glebe  quarry,  a  locality 
generally  considered  as  that  of  the  Lower  Carboniferous  lime- 
stone group.  Talking  the  matter  over  with  Mr  J.  Neilson,  he 
informs  me  that  possibly  this  is  a  mistake,  and  that  the  beds 
here  should  be  relegated  rather  to  the  Upper  Carboniferous 
Limestone  series,  advancing  both  palseontological  and  litho- 
L)gical  reasons  in  support  of  this  view.  Mr  R  Etheridge 
iigured  specimens  from  tliis  horizon  (GeoL  Mag.,  Dec,  II.,  vol. 
iii.  p.  152),  and  I  have  been  able  to  examine  specimens  from 
tliis  locality  in  the  Patton  collection.  Museum  of  Science  and 
Art,  Edinburgh,  and  in  the  private  collection  of  Mr  J.  Neilson. 

As  a  result  of  the  distribution  of  the  Carboniferous  fossils 
<liscus8ed  above,  it  would  seem  that  in  Great  Britain  we  have, 
in  our  Lower  Carboniferous  Series,  one  zone  only,  that  of  P. 
giganteus,  in  common  with  Belgium  and  Eussia,  which  is  the 
upper  zone  of  Belgium  and  the  lower  zone  of  Eussia.  That  the 
period  during  which  this  zonal  form  existed  in  Great  Britain 
must  have  been  very  great,  is  shown  by  the  great  extent  of  its 
vei-tical  distribution,  and  also  from  the  fact  that  the  faunas 
with  which  it  is  associated  appear  to  have  been  much  more 
extensive  than  obtained  at  any  one  time  on  the  Continent. 

A  comparison  of  the  faunas  contained  in  the  shales  and  lime- 
stones of  the  zone  of  Productus  giganteus  shows  that  they  differ, 
as  might  naturally  have  been  expected,  somewhat  considerably, 
and,  in  consequence,  the  fauna  which  occurs  in  this  zone  in 
Derbyshire  and  South- West  Yorkshire  contains  many  species 
which  do  not  appear  at  all  in  Scotland  ;  and,  on  the  other  hand, 
the  Scotch  beds  have  many  species  peculiar  to  themselves.  This 
is  due  to  the  difterent  conditions  under  wliich  the  detrital  and 
organic  sedimentary  deposits  were  laid  down.  It  is  an  undoubted 
fact  that  as  the  beds  pass  north,  the  limestones  are  spUt  up, 
dwindle  in  thickness,  and  are  separated  by  beds  of  sandstone  and 
shale,  which  rapidly  increase  in  importance  to  the  north.  This 
fact  undoubtedly  points  to  shallower  water  and  a  closer  proximity 
to  land  in  this  direction,  and  consequently  to  sublittoral  and 
shallow  water  conditions,  and  therefore  the  shales  contain  a 
tauna  rich  in  Lamellibranchs,  Crustaceans,  and  other  animals  of 
a  similar  bathymetric  habitat,  while  the  limestones  are  char- 
acterised by  Brachiopoda  and  Actinozoa,  which  need  a  clear, 
salt  water  environment,  free  from  muds  and  detrital  sediment. 

During  the  time  that  a  continuous  organic  sediment  was 
l>eing  deposited  in  the  Midlands  of  England  and  the  greater 
part  of  Ireland,  shore  and  estuarine  deposits,  with  occasional 
beds  of  coal,  denoting  land  conditions,  were  being  laid  down  in 
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Scotland  and  Northumberland  At  times,  however,  the  sea 
seems  to  have  made  inroads  northward  and  the  environment 
to  have  become  suitable  for  the  partial  migi^tion  northwards  of 
the  fauna  which  was  living  in  profusion  in  the  south  and  west, 
for  the  time  represented  by  any  bed  of  limestone ;  but  these  con- 
ditions did  not  last  long  enough  for  any  but  the  most  hardy 
species  to  establish  themselves,  for  the  Scotch  limestones  con- 
tain a  fauna  nothing  like  so  rich  as  that  of  the  Midlands  in 
Lamellibi-anchs  and  Gasteropoda  or  Cephalopoda. 

It  is  quite  probable  that  many  of  the  beds  of  limestone  die 
out  as  they  pass  north,  and  should  it  be  that  the  lower  beds 
disappear  the  zone  of  Productus  giganteus  becomes  narrower 
vertically. 

It  is,  however,  quite  apparent  that  in  such  a  case  the  beds 
which  are  actually  the  equivalents  in  time  of  those  of  this  zone, 
do  not  contain  the  characteristic  fauna,  or  even  appear  to  belonjij 
to  another  zone,  because  conditions  were  such  that  the  several 
species  could  not  survive  in  an  altered  environment ;  and  it  is 
a  necessity  that  such  a  state  of  things  must  occur  at  a  point 
where  littoral,  sublittoral  or  marine  conditions  pass  into  each 
other.  life  zones  will  be  made  out  more  easily  in  a  series  of 
deposits  of  continued  sequence,  such  as  obtains  in  the  Jurassic 
and  Cretaceous  rocks,  but  when  the  series  of  beds  is  a  sequence 
of  repetitions,  zonal  forms  will  be  fewer  and  of  wider  vertical 
distribution:  the  hardy  and  primitive  forms  will  tend  to  sunive 
rather  than  those  which  exhibit  a  disposition  to  vary. 

In  the  case  of  the  Carboniferous  rocks  in  Great  Britain,  there- 
tore,  it  spems  to  me  to  be  impossible  to  use  the  zonal  fossils  as 
indices  of  contemporaneity  with  any  degree  of  exactness,  but  they 
are  rather  indicative  of  the  conditions  and  depth  of  the  deposit 
We  have  no  series  of  evolving  forms  in  the  Carboniferous  rocks 
like  the  Ammonitidse  or  the  Giaptolites,  but  a  remarkably  hardy 
set  of  animals,  some  of  which  could  stand  salt,  brackish,  clear 
and  muddy  waters,  and  reappeared  at  many  horizons  in  all  the 
marine  or  fresh  water  beds  from  the  base  to  the  top  of  the 
Carboniferous  rocks.  There  is  no  doubt  that  terrestrial,  littoral 
and  marine  conditions  existed  contemporaneously  in  Great 
Britain  throughout  the  whole  of  the  Carboniferous  epoch,  and 
that  there  was  a  constant  migration  of  species  backwards  and 
forwards  as  these  conditions  slowly  changed,  so  that  in  some 
places  contempomneous  faunas  became  successive,  as  may  be 
expressed  in  the  following  diagram  at  A  B,  which  represents 
a  series  of  overlaps  of  estuarine  and  marine  beds,  which  are 
being  continuously  deposited  in  their  own  areas.  Let  us 
suppose  that  one  fauna  is  found  in  the  series  of  beds  E  F  and 
another  in  the  series  C  D.     In  the  series  A  B  contemporaneous 
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faunas  therefore  become  successive.  I  regard  the  Calp  series 
of  Ireland,  very  local  in  its  occurrence,  as  due  to  the  prevalence 
of  estuarine  conditions  in  certain  localities  between  the  marine 
deposits  of  the  Upper  and  Lower  Limestones,  which  was  there- 
fore of  very  temporary  character,  in  distinction  to  the  general 
prevalence  of  such  conditions  in  Northumberland  and  Scotland. 

In  Belgium  the  whole  of  the  Lower  Carboniferous  rocks  seem 
to  have  been  deposited  under  somewhat  similar  conditions, 
which  were  essentially  marine,  and  they  were  evidently  laid 
down  at  such  a  distance  from  land  that  detrital  sediment  and 
^tuarine  conditions  were  entirely  absent.  In  Eussia  and  North 
America,  on  the  contrary,  estuarine  and  marine  conditions  alter- 
nated through  a  greater  part  of  the  Carboniferous  epoch ;  in 
Russia  especially  during  the  deposition  of  the  Upper  and  Lower 
divisions. 

Theoretically,  then,  life  zones  should  be  more  conspicuous  in 
Belgium  and  in  the  thick  strata  of  limestone  in  Derbyshire,  but 


up  to  the  present,  although  certain  broad  zonal  horizons  have 
been  fairly  well  established  in  Belgium,  the  English  beds  have 
yielded  no  results  in  this  direction.  The  twofold  division  of 
the  carboniferous  rocks  of  Great  Britain  is  well  established 
pateontologically.  There  is  a  great  break  in  the  fauna  at  the 
top  of  the  Carboniferous  Limestone  of  Derbyshire  and  its 
equivalent,  the  top  of  the  Yoredale  sei'ies  in  Wensleydale  and 
the  Carboniferous  Limestone  series  in  Scotland.  Above  this 
horizon,  it  is  true  that  in  a  few  thin  bands  dwarfed  representa- 
tives of  species  found  in  the  lower  beds  do  occasionally  reappear, 
but  as  a  whole  this  line  marks  a  very  distinct  change  in  the 
Molluscan  and  Actinozoan  fauna.  Dr  Traquair  has  shown  that 
at  this  horizon  a  similar  marked  change  occurs  in  the  fish  fauna 
both  generically  and  specifically,  and  Mr  Kidston  arrives  at 
practically  the  same  opinion  on  the  evidence  of  the  flom  of  the 
Carboniferous  period.     He  has,  however,  in  company  with  many 
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othera  to  the  present,  not  understood  the  real  equivalents  and 
the  essential  difference  in  the  vertical  position  of  the  Bowland 
shales  and  the  Yoi*edale  series  of  Wensleydale, 

The  following  table  shows  to  what  extent  at  present  I  have 
been  able  to  go  in  dividing  up  the  Carboniferous  rocks  of  Great 
Britain  and  Ireland  into  zones ;  and  it  will  be  at  once  noted 
that  many  of  these  zones  are  of  very  great  vertical  thickness  :— 


Zone  of  A  fUhra- 
comya  PhiUipsii. 


2.  Zone  of  Xaiaditn 
iriodiolarU  and 
Awtiiraeomya 
modioiaris. 


3. 


Zone  of  Aviculo- 
pecten      fxipyra- 
cetUy  Ocutn'oceixuf 
carbonari  urn  f 
Pondoniella 
laetnjtf  and  P. 
minor. 


4.  Zone  of  Pro- 
duclujt  giganteus 

and 
Prodvctut  eora. 


5.  Zone  of  Modiola 
Maaidamii. 


England. 


Upper  Coal-measures 
of  Lancashire,  York- 
shire, Staffordshire, 
Bristol,  including  the 
Spii-orU*  Limestones. 

Middle  Coal-measures 
universally. 


Canister  Series. 
Millstone  Grit. 
Shales  below  the  Mill- 
stone Grit  universally. 


The  Carboniferous 
Limestones  of  Derby- 
shire. 

The  measures  from  the 
Great  Scar  to  the  Main 
Limestone,  N.  York- 
shire. 

The  Carbonaceous 
Division  of  North- 
umberland. 
Carboniferous     Lime- 
stone of  Wales  and  the 
Mendips. 

The  Lower  Limestone 
Shales  of  the  Mendips 
and  South  Wales,  with 
several  fossils  common 
to  the  Old  Red  Sand- 
stone Series  and  the 
Carboniferous. 


Scotland. 

The  Red  Beds  of  Fife- 
shire. 


The  Coal-measures  of 
Fifeshire. 


i  Wanting. 
Note.  —  A  viadopeeten 
papyracem  is  said  to 
be  found  some  distance 
above  the  £11  Coal  in 
the  Wishaw  district, 
Lanarkshire;  but  I  have 
never  seen  this  fossil  in 
any  Scotch  collection, 
and  the  determination 
is  possibly  erroneous. 

The  Carboniferous 
Limestone  Series  of 

f  Upper 
Scotland-^  Middle 

I,  Lower. 


I 


Ireland. 


?    Wanting. 


Coal-measores. 


Castlecomer, 
Leinster,    Coal- 
field. 

Coal  -  measures 
of  Fynes,  co. 
Limerick. 


The  Upper 

Liinestone 
TheCalp 
The  Lower 

Limestone. 


I 


The  Calciferous  Sand- 
stone Series,  with  «SbAt- 
zodiu  Pentlandicus  and 
i^kLn^inolUes  Abdensis 
in  Fifeshire,andafauna 
very  different  from  the 
English  and  Irish  equi- 
valents. Mr  Kiricby 
states  that  Productua 
cora  is  contained  in  the 
upper  500  feet  of  these 
beds. 


The  Coomhola 
and  Moyola  beds, 
forming's  p*?- 
saf e  from  w& 
Old  Red  to  the 
Carboniferous, 
and  containing 
certain  fo^^ 
common  to  both. 


Series  1-3  constitute  what  I  consider  to  be  the  "  Upper  Car- 
boniferous," and  series  4  and  5  the  "  Lower  Carboniferous,"  of 
my  paper  on  the  Yoredale  Series  (Geol.  Mag,,  April  and  May, 
1897). 
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XLIX. — Notes  on  tJie  Correlation  of  the  Lovjer  Carboniferous 
Rocks  ofJE'figland  and  Scotland.  By  William  Gunn,  F.G.S., 
of  H.M.  Geological  Survey  of  Scotland.     (Plate  XXa.) 

(Read  20th  January  1898.) 

The  object  of  the  following  paper  is  to  show  that  the  group 
of  Lower  Scottish  Limestones  about  Dunbar  and  round  the 
Midlothian  Coalfield  does  not  represent  any  part  of  the  Moun- 
tain Limestone  of  Yorkshire,  but  is  the  equivalent  of  the 
upper  part  of  the  Yoredale  Series  of  Phillips,  while  the  Edge 
CcwJs  and  Upper  Limestones  of  Midlothian  represent  a  series 
of  beds  which  in  Yorkshire  and  Northumberland  lie  above  the 
true  Yoredale  Series  of  Phillips,  and  which  were  included  by 
him  in  the  Millstone  Grit.  It  necessarily  follows  from  this 
correlation  that  the  lower  part  of  Phillips*  Yoredale  Series, 
together  with  the  Scar  or  Mountain  Limestone  of  Yorkshire, 
are  represented  in  Scotland  by  the  Calciferous  Sandstone  Series, 
which  IB  mainly  a  fresh-water  deposit. 

This  correlation  of  the  Lower  Carboniferous  rocks  of  the  North 
of  England  with  those  of  Scotland  was  made  in  the  year  1881, 
after  an  examination  of  parts  of  the  coast  of  Haddingtonshire 
and  Berwickshire  in  company  with  two  of  my  colleagues,  Mr 
H.  H.  Howell,  now  Director  of  the  Geological  Survey,  and  the 
late  Mr  W.  Topley,  who  both  accepted  at  the  time  the  general 
views  here  stated.  Mr  Topley  thought  them  of  so  much  im- 
portance that  he  wished  to  join  with  me  in  writing  an  elaborate 
paper  on  this  correlation,  and  I  drew  up  some  notes  on  the 
subject,  but  for  various  reasons  the  paper  was  never  completed 
or  published.  However,  the  principal  results  have  been  from 
time  to  time  orally  communicated  to  several  of  my  colleagues. 

To  illustrate  the  paper  vertical  sections  are  given  which 
represent  the  rocks  below  the  Millstone  Grit  in  four  localities, 
each  section  being  drawn  to  the  scale  of  600  feet  to  an  inch. 
The  most  southerly  of  these  gives  the  succession  of  beds  from 
the  top  of  Ingleborough  down  to  the  basement  conglomerate 
which  rests  unconformably  on  the  highly  inclined  Silurian  rocks. 
Tlie  lower  part  of  the  section  is  composed  of  a  mass  of  limestone, 
600  to  700  feet  in  thickness,  while  the  upper  part  consists  of 
an  alternating  series  of  sandstones,  shales,  and  limestones,  to 
which  Phillips  gave  the  name  of  Yoredale  Eocks,  because  he 
considered  they  were  typically  developed  in  Yoredale  (Wensley- 
dale).    In  this  and  the  other  sections  the  limestones  are  particu- 
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larly  marked,  because  it  is  principally  by  means  of  them  that 
the  rocks  in  different  places  are  correlated.  The  Yoredale  Series, 
then,  in  the  Ingleborough  section  ranges  from  the  Hardraw 
Limestone  up  to  the  highest  limestone — the  Main  or  Twelve- 
Fathom — but  two  of  the  limestones  generally  occurring  else- 
where are  wanting  in  this  section,  so  that  it  is  certainly  not  a 
typical  one  of  the  Yoredales.  Above  the  Main  Limestone  here 
there  occurs  a  thickness  of  100  to  120  feet  of  shale,  and  the  hill 
is  capped  by  coarse  Millstone  Grit. 

The  Wensleydale  section  is  mainly  that  proved  in  Keld  Heads 
Mine  between  Leybum  and  Eedmii-e.  It  will  be  noticed  at 
once  that  the  Yoredale  Limestones  are  here  both  thicker  and 
more  numerous  than  at  Ingleborougli.  Four  of  the  limestones 
are  each  about  60  feet  in  thickness,  whereas  only  the  Main 
Limestone  on  Ingleborough  attains  this  thickness.  The  two 
additional  limestones  are  the  Underset,  and  the  thin  Limestone 
next  below.  It  should  be  stated  that  the  Underset  is  here 
abnormally  thin,  it  being  usually  about  twice  the  thickness 
given.  Tlie  '  Fossil '  Lime,  on  the  other  hand,  is  usually  only 
about  one-half  of  the  thickness  here  given,  so  it  must  be  under- 
stood triat  the  section  does  not  stand  for  the  whole  of  Wensley- 
dale. Tlie  Main  Limestone  is  often,  perhaps  generally,  con- 
siderably more  than  60  feet  thick ;  in  fact,  it  obtained  the  name 
of  *  Twelve-Fathom  '  because  it  approximates  to  72  feet  in  thick- 
ness. The  upper  part  only  of  the  Mountain  Limestone  is  to  be 
seen  in  Wensleydale,  and  its  total  thickness  here  is  unknown, 
but  it  has  already,  as  far  as  its  upper  members  are  concerned, 
begun  to  admit  intercalations  of  sandstone  and  shale,  and  thus  to 
approximate  in  character  to  the  Yoredale  Series  above.  In  the 
dales  to  the  north  of  Wensleydale  somewhat  similar  sections 
may  be  obtained,  and  therefore  it  is  unnecessary  to  give  a 
detailed  account  of  each.  In  the  first  valley,  that  of  Swaledale, 
the  section  is  very  like  that  of  Wensleydale,  except  that  some 
of  the  limestones  are  thinner.  In  Teesdale  we  find  that  the 
Middle  Limestone  has  separated  into  three  limestones  known  as 
Scar,  Cockleshell,  and  Singlepost  Limestones,  while  nearly  all 
the  Yoredale  Limestones,  except  the  Main,  are  considei-ably 
thinner  than  in  the  dales  farther  south.  Several  comparatively 
thin  limestones  represent  the  upper  part  of  the  Great  Scar  Lime- 
stone of  Ingleborough,  while  the  lower  part  is  a  solid  mass  of 
limestone  about  200  feet  in  thickness,  known  locally  as  the 
Melmerby  Scar  Limestone.  Below  this  is  a  variable,  but  not 
thick,  basement  conglomerate,  resting  on  the  Silurian  rocks 
which  are  exposed  in  the  valley  between  the  High  Force  and 
Caldron  Snout.  Not  many  miles  to  the  west,  in  the  Pennine 
escarpment,   a   thick   series   of  sandstones   occurs   below   the 
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Melmerby  Scar  Limestone,  so  it  is  evident  that  the  floor  on 
which  the  Carboniferous  rocks  were  deposited  was  a  very 
uneven  one. 

The  section  in  Weardale  is  very  similar  to  that  in  Teesdale, 
except  that  the  Lower  Carboniferous  rocks  are  not  reached. 

When  we  reach  Northumberland  we  find  that  the  Mountain 
Limestone  of  Ingleborough  is  divided  by  intercalations  of  sand- 
stone and  shale  so  as  to  resemble  in  character  the  Yoredale 
Series  above.  This  was  long  ago  pointed  out  by  Phillips,  who 
says : — "  The  principal  changes,  as  we  proceed  northward,  appear 
to  happen  in  the  lower  part  of  the  limestone  group,  which  loses 
its  individuality,  by  admitting  between  its  beds  a  constantly 
increasing  quantity  of  mechanical  admixtures,  and  at  length 
becomes  a  subordinate  feature  in  a  country  which  has  the 
chai-acters  of  a  coalfield."  ^  As  we  proceed  from  South  to  Mid- 
Northumberland,  while  the  upper  or  Yoredale  Limestones  are 
geoerally  persistent,  the  lower  limestones  representing  the 
Great  Scar  gradually  become  thinner  and  less  important,  and 
in  many  cases  disappear  entirely,  so  that  eventually  we  find 
that  nearly  all  the  important  limestones  are  in  the  upper  or 
Yoredale  Series.  The  work  of  my  colleagues  on  the  Geological 
Survey,  as  given  in  the  published  maps,  is  the  authority  for  this 
part  of  Northumberland. 

For  Mid-Northumberland  reference  may  be  made  to  the 
admirable  memoir  by  the  late  Mr  Hugh  Miller  on  "The 
Geology  of  the  Country  around  Otterbum  and  Elsdoii "  (1887), 
in  which  the  announcement  was  made  (see  p.  5)  of  the  identity 
of  the  Eedesdale  Limestone  with  the  Dun  Limestone  of  North 
Xorthumberland,  which  is  the  lowest  marhie  limestone  of  any 
importance.  Mr  Miller  and  myself  had  many  conferences  on 
the  correlation  of  the  Lower  Carboniferous  rocks,  and  he 
entirely  concurred  in  the  main  results  embodied  in  this  paper. 
In  this  district  the  next  limestone  above  the  Redesdale  is 
called  the  Fourlaws,  and  both  these  limestones  traced  into 
South  Northumberland  are  found  to  lie  far  below  the  true 
Yoredale  Limestones,  and  they  therefore  are  portions  of  the 
Great  Scar. 

The  North  Northumberland  section,  somewhat  generalised,  is 
represented  in  the  third  column  where  the  Dryburn  Limestone 
is  the  uppermost  of  the  Yoredales.  Coals  occur  throughout  the 
series  down  to  the  Fell  Sandstones,  but  are  omitted  generally 
for  the  sake  of  clearness.  It  will  be  seen  that  the  principal 
limestones  fall  into  two  natural  groups,  in  the  upper  of  which 
the  limestones  are  numerous  and  pretty  frequent  (down  to  the 
Oxford),  while  several  hundred  feet  lower  comes  the  group  of 
'  Manual  of  Geology,  p.  166  (1855). 
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the  Woodend  and  the  Dun  Limestones.  Below  these  is  the 
group  containing  the  Scremerston  Coals,  800  to  900  feet  thick, 
in  which  also  limestones  occur,  but  they  are  always  thin  (from 
1  to  4  feet  each),  and  are  for  the  most  part  plant-limestones  of 
an  estuarine  or  fresh-water  character.  Underlying  the  coals 
is  a  thick  sandstone  group — the  Fell  Sandstones — ^and  at  the 
bottom  of  the  section  is  a  portion  of  the  Lower  Carboniferous 
group  called  Tuedian  Beds  by  the  late  Mr  Tate,  of  Alnwick,  on 
account  of  their  being  characteristically  developed  along  the 
Tweed.  In  1856  Mr  Tate  described  these  beds  as  consisting  of 
grey,  greenish,  and  lilac  shales,  sandstones,  slaty  sandstones 
sometimes  calcareous,  thin,  beds  of  argillaceous  limestone  and 
chert,  and  a  few  buff  magnesian  limestones.  Stigmaria  fieoidts, 
Lepidodendron,  coniferous  trees,  and  other  plants  occur  in  some 
parts  of  the  group,  but  there  are  no  workable  beds  of  coal.  The 
fauna  consists  chiefly  of  fish  remains,  Modiola,  and  Entomos- 
traca.  Generally  fresh-water  and  lacustrine  conditions  are 
indicated.^  The  thickness  of  this  series  along  the  Eiver  Tweed 
from  Carham  to  Berwick  must  be  between  2000  and  3000  feet, 
and  theie  is  no  doubt  that  it  is  the  equivalent  of  the  lower  part 
of  the  Calciferous  Sandstone  of  Scotland.  Sedgwick  seems  to 
have  been  the  first  to  point  out  the  true  position  of  these  rocks 
in  the  Carboniferous  formation  in  his  address  to  the  Geological 
Society  in  1831  ;  and  in  notes  supplied  by  him  for  the  third 
edition  of  De  la  Beche's  Geological  Manual  he  expresses  the 
opinion  that  the  Carboniferous  Rad  Sandstone  of  the  Tweed  is 
superior  to  the  Old  Eed  Sandstone,  and  is  about  of  the  age  of 
the  Great  Scar  Limestone  of  Yorkshire  and  Cross  FelL*  The 
natural  inference  from  this  would  be  that  the  limestones  above 
the  Scremerston  coals  belong  to  the  Yoredale  Series,  and  it  will 
be  seen  that  this  is  so  far  true  that  rn,ost  of  the  marine  lime- 
stones belong  to  that  series,  viz.  those  from  the  Drybum  to  the 
Oxford  inclusive.  This  set  of  beds  is  thinner  altogether  here 
than  in  Weusleydale,  but  the  diflference  is  principally  in  the 
limestones,  which  in  Wensleydale  amount  to  about  300  feet, 
while  in  Northumberland  they  are  not  much  more  than  half 
that  thickness. 

Among  the  sandstones  and  shales  that  occur  between  the 
Oxford  and  the  Woodend  Limestones,  there  is  a  marked  band  of 
oil  shale  which  is  very  constant  in  North  Northumberland.  It 
contains  remains  of  fishes,  plants,  and  Ostracoda,  and  will  be 
met  with  again  in  the  Scottish  section. 

In  the  Northumberland  section,  No.  1  Limestone  is  the  Dry- 
burn  Limestone  of  Lowick  and  the  Ebb's  Snook  Limestone  of 

'  Proc.  Berwickshire  Nat.  Field  Club,  vol.  iv.  p.  151. 
2  De  la  Beche,  Geological  Manual,  1888,  pp.  891,  892. 
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Beadnell,  and  is  called  further  south  in  Northumberland  the  Ten- 
Yard  Limestone.  It  is  the  Main  or  Twelve-Fathom  Limestone 
of  Wensleydale  and  Swaledale,  the  Great  Limestone  of  Teesdale 
and  Weardale,  and  is  the  uppermost  member  of  Phillips'  Yore- 
dale  Series. 

No.  2  Limestone  is  called  at  Lowick  the  Low  Dean,  and  at 
Scremerston  the  Sandbanks  Limestone,  while  generally  in  Mid- 
Northumberland  it  receives  the  name  of  the  Eight- Yard  Lime- 
stone. It  is  called  in  North-West  Yorkshire  the  Underset 
limestone,  and  in  Teesdale  and  Weardale  the  Four-Fathom. 

No.  3  Limestone  is  the  Acre  Limestone  of  Lowick,  where  it  is 
also  sometimes  called  the  Dunstone  (which  name  must  not, 
however,  be  confounded  with  the  Dun  Limestone,  the  lowest  of 
the  marine  limestones).  Further  south  it  receives  the  name  of 
the  Six- Yard  Stone;  and  in  Weardale  and  Teesdale  it  is  cfdled 
the  Three- Yard.  It  is  the  Little  Limestone,  12  feet  thick,  in  the 
Wensleydale  section. 

No.  4  Limestone  is  the  Eelwell  of  Lowick  and  the  Main 
limestone  of  Beadnell  and  North  Sunderland,  and  farther  south 
in  Northumberland  it  is  called  the  Nine-Yard.  In  Weardale 
and  Teesdale  it  is  the  Five- Yard,  and  in  Swaledale  it  goes  by 
the  name  of  the  Third  Set  of  Lime.  It  is  the  *  Fossil '  Lime  of 
Wensleydale. 

Now  it  is  these  four  limestones,  with  the  intermediate  strata, 
that  form  the  group  of  limestones  at  Cat  Craig,  near  Dunbar, 
which  is  the  lower  division  of  the  Carboniferous  Limestone 
Series  of  Scotland,  and  therefore  these  marine  limestones  of 
Scotland  represent  only  the  upper  part  of  the  Yoredale  Series 
of  Phillips. 

The  limestones  numbered  one  to  four  have  been  traced  almost 
continuously  for  nearly  100  miles,  and  we  are  certain  of  their 
identity,  but  the  limestones  below  these  have  not  been  so  traced, 
and  there  is  some  uncertainty  about  their  exact  equivalents.  It 
seems  most  probable,  however,  that  the  six  comparatively  thin 
limestones,  from  5  to  10  feet  each,  between  the  Eelwell  and  the 
Oxford,  represent  the  Scar,  Cockleshell,  Singlepost,  and  Tyne- 
bottom  Limestones  of  Weardale  and  Teesdale,  and  that  the 
Oxford  is  on  the  horizon  of  the  Hardraw  Scar,  or  lowest  bed  of 
Phillips'  Yoredale  Series  of  Limestones.  This  much  is  certain, 
that  the  Woodend  and  the  Dun  Limestones  are  far  below  this 
horizon,  and  represent  portions  of  the  Mountain  Limestone  or 
Great  Scar  Limestone  of  Ingleborough.  The  Woodend  is  called 
in  the  Alnwick  district  the  Hobberlaw  Limestone,  and  in  the 
Otterbum  and  Eedesdale  districts  the  Fourlaws  Limestone, 
while  the  Dun  is  identical  with  the  Kedesdale  Limestone.  In 
Scotland  generally  these  marine  limestones  below  the  Eelwell 
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are  represented  by  the  estuarine  Calciferous  Sandstone  Series. 
We  have,  however,  a  narrow  strip  of  Lower  Carboniferous  rocks 
some  six  miles  in  length  north  of  the  Tweed,  along  the  coast 
between  Berwick  and  Bummouth,  and  here  most  of  the  beds 
below  the  Eelwell  can  be  observed,  though  the  section  near 
Berwick  is  a  good  deal  faulted.  Between  the  pier  and  the 
Fisherman's  Haven  the  Eelwell,  repeated  by  faults  and  folds, 
occurs  four  times  over,  the  Oxford  then  is  faulted  against  it, 
and  in  the  area  bounded  by  faults  at  the  Bay  of  the  Burgess* 
Cove  occurs  a  set  of  beds  of  Tuedian-like  aspect  on  the  Oil 
Shale  horizon.  Northwards  from  this  is  a  pretty  cjontinuous 
section  from  the  tliick  sandstone  above  the  Woodend  lime- 
stone down  to  the  genuine  Tuedians,  which,  with  a  steep 
reversed  dip,  are  faulted  against  the  Silurian  rocks  at  Burn- 
mouth.  The  Woodend  and  the  Dun  Limestones  are  thinner 
here  than  they  are  generally  in  Northumberland.  The  Dun  or 
Lamberton  Limestone  may  be  followed  along  the  coast  for  nearly 
three  miles,  and  below  it  are  found  some  at  least  of  the  Scremer- 
ston  Coals,  which  were  formerly  worked  at  Lamberton,  but  were 
found  to  be  poor  and  thin  in  comparison  with  the  same  seams 
south  of  the  Tweed.  It  is,  however,  probable  that  a  fault  throws 
out  the  greater  part  of  the  Scremerston  Coal  Series  on  this  coast, 
as  only  the  upper  beds  of  the  Series  can  be  recognised. 

About  12  miles  to  the  north-west,  in  a  direct  line  from  Bum- 
mouth,  Lower  Carboniferous  rocks  are  found  on  the  coast  of 
Berwickshire,  opposite  Cockburnspath.  We  can  recognise  here 
in  the  white  sandstones,  interstratified  with  shales  and  with 
several  thin  and  poor  seams  of  coal,  the  representatives  of  the 
Scremerston  Coal  Series ;  the  group  of  the  Dun  and  Woodend 
Limestones  is  represented  by  a  marine  limestone  in  Cove 
Harbour,  and  in  the  next  bay  to  the  westward,  immediately 
under  the  hamlet  of  Cove,  occurs  our  well-marked  band  of  oil 
shale.  So  far  the  section  on  this  coast  is  very  clear,  but  now 
the  rocks  which  have  been  dipping  steeply  north  or  north-west 
flatten  or  undulate,  though  there  seems  to  be  a  generally  ascend- 
ing series  all  along  the  coast  to  near  Dunbar.  Opposite  link- 
head,  34  miles  from  Edinburgh,  there  is  found  an  impure 
encrinital  limestone,  which  probably  represents  the  Oxford.  It 
thus  appears  that  nearly  all  the  lower  limestones  are  dying  out 
one  after  the  other  as  we  proceed  westward,  and  at  Skateraw 
most  of  the  thin  limestones  between  the  Oxford  and  the  Eelwell 
have  disappeared,  while  at  Cat  Craig  the  lowest  limestone  is  the 
Eelwell  itself.  My  colleague  Mr  Bennie,  who  has  collected 
extensively  both  from  the  Acre  Limestone  of  Lowick  and  fi-om 
the  second  limestone  (counting  from  below)  at  Cat  Cinig,  has 
come  independently  to  the  conclusion  that  these  limestones  are 
the  same,  because  they  contain  a  similar  assemblage  of  fossils. 
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As  all  the  rocks  below  the  group  of  marine  limestones  at 
Dunbar  have  beiBn  classed  as  Calciferous  Sandstones,  it  is  now 
clear  that  the  latter  include  representatives  in  time  of  the 
lower  half  of  the  Yoredale  Eocks  and  the  whole  of  the  Moun- 
tain Limestone ;  and  possibly  the  lowest  part  is  older  than  the 
Scar  Limestone  of  Ingleborough.  But  however  this  may  be,  it 
is  clear  that  the  Calciferous  Sandstone  of  Scotland  includes  in 
its  upper  part  beds  of  about  1000  feet  in  thickness,  which  in 
Xorthumhierland  are  classed  with  the  Limestone  Seriea 

The  upper  part  of  the  Scottish  sectional  column,  viz.,  that 
called  Carboniferous  Limestone  Series,  is  copied  from  that  given 
by  Mr  Howell  on  p.  73  of  the  Survey  Memoir  on  the  geology  of 
the  neighbourhood  of  Edinburgh,  and  it  represents  the  Edge 
I'oals  of  the  Midlothian  Coalfield.  Here  we  have  a  great 
development  of  coal-seams  above  the  uppeimost  Yoredale 
Limestone,  and  higher  up  three  thin  marine  limestones  also 
accompanied  by  coal-seams.  We  have  undoubtedly  in  Nor- 
thumterland  the  equivalents  of  these  upper  limestones,  also 
associated  with  workable  coals,  which,  however,  have  been 
omitted  from  the  Northumberland  tables;  lower  down  we 
have,  close  together,  three  or  four  coals  which  have  been 
worked  at  Lickar,  near  Lowick ;  elsewhere  in  Northimiberland 
these  coals  are  known  as  Little  Limestone  Coals.  It  seems 
pretty  clear,  then,  that  the  Edge  Coal  Series  of  Midlothian  is 
but  an  extraordinary  development  of  these  Lickar  Coals.  Even 
the  total  thickness  of  the  beds  in  the  Scottish  section,  some 
1300  feet  from  the  lower  limestones  up  to  the  Millstone  Grit, 
can  be  matched  in  some  parts  of  Northumberland.  In  Wen- 
sleydale  this  series  is  represented  by  a  peculiar  set  of  cherts, 
cherty  limestones,  etc.,  which  cannot  here  be  described,  while 
on  Int^leborough  a  mass  of  shale  occupies  this  horizon.  The 
term  Yoredale  was  by  the  Geological  Survey  extended  so  as  to  j 

include  these  beds,  but  they  were  classed  with  the  Millstone  i 

Grit  by  Phillips,  though  sometimes  he  seems  to  have  included  a 
portion  of  them  in  his  Yoredale  Series. 

It  will  thus  appear  how  far  from  the  truth  was  tlie  old  view 
tliat  the  Carboniferous  Limestone  Series  of  Scotland  represents  | 

Wh  the   Yoredale   Rocks  and   the   Mountain   Limestone   of  \ 

England,  and  that  the  Calciferous   Sandstone   is   older   than  | 

the   Mountain    Limestone.       The    newer    reading,   that    the  j 

Scottish  Limestone  Series  is  the  equivalent  of  the  Yoredale 
Be<ls,  and  the  Calciferous  Sandstone  of  the  Mountain  Lime- 
stone, is  a  nearer  approximation  to  the  truth,  but  is  still  far 
from  being  correct,  especially  as  it  has  been  shown  that  the 
j^reater  part  of  the  Scottish  Carboniferous  Limestone  Series, 
including  the  upper  limestones  and  the  whole  of  the  Edge  Coal 
Series,  lies  above  the  position  of  the  Yoredale  Beds  of  Phillips. 
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L. — On  the  Gemra  Psilophytoii,  Lycopodites,  Zosierophyllum,  ani 
Parka  decijpiens  of  the  Old  Bed  Sandstoiie  of  Scotland. 
Their  Affinities  and  Distribution,  By  James  Bsid  and 
Peter  Macnair.    (Plates  XXI.  and  XXII.) 

(Read  17th  February  1898.) 

For  many  years  the  flora  of  the  Old  Eed  Sandstone  appears  to  have 
been  much  misunderstood.  On  the  one  hand,  we  find  Psilophyton 
— a  terrestrial  plant — referred  by  the  older  geologists  to  the 
Algae ;  while  on  the  other,  the  more  recently  established  genus 
Zosterophyllum,  of  aquatic  origin,  has  been  regarded  by  some 
palseobotanists  as  a  species  of  Psilophyton.  Again,  Lycopodites  of 
the  Caithness  flags  has  been  identified  with  Psilophyton  of  the 
Lower  Old  Eed  Sandstone  of  Midland  Scotland,  though,  strange 
to  relate,  not  a  trace  of  Lycopodites  has  been  met  with  in  the 
latter  rocks.  Parka  has  also  been  variously  regarded  by 
geologists  as  the  fructification  of  a  plant,  and  the  egg-packets  of 
molluscs  and  crustaceans.  As  the  result,  however,  of  exhaustive 
microscopical  examinations  made  by  Sir  William  Dawson  and 
Professor  Penhallow,  we  now  know  that  Parka  decipiens  is  a 
plant,  possessing  a  creeping  rhizome,  narrow  linear  leaves,  and 
sporocarp  containing  spores  and  prothalli.  The  recent  discovery 
of  sessile  fruit  in  Lycopodites  also  confirms  Salter's  determina- 
tion (of  1858),  with  regard  to  the  distinctive  character  of  this 
genus. 

Parka  is  perhaps  one  of  the  earliest  known  plants  of  the 
Old  Red  Sandstone  of  Scotland.  In  1831  Dr  Fleming  referred 
to  it  as  occurring  in  association  with  grassy-looking  leaves,  and 
compared  it  with  the  fruit  of  Juncus  or  Sparganium,^  while  some- 
what later,  Hugh  Miller  figured  and  described  some  plant- 
remains  from  the  Old  Red  San<lstone  of  Cromarty  as  fucoids.* 
Six  figures  are  given  in  plate  vii.  of  Miller's  "  Old  Eed  Sandstone," 
five  representing  Psilophyton  and  one  Lycopodites,  These  figures 
are  apparently  reproduced  in  subsequent  editions  of  this  worL 
We  observe  them  in  the  fourth  edition  (1850),  and  in  the  twenty- 
fourth  edition  (1884).  Mr  Carruthers,  as  we  shall  presently  see, 
refers  these  figures  {i7whfding  Lycopodites)  to  Dawson's  genu^ 
Psilophyton.  With  regard  to  the  plants  of  the  Forfarshire  flags, 
and  the  Psilophyton  beds  of  Perthshire,  we  find  Nicol  quoting 

*  Cheek's  Edinburgh  Journal,  p.  86,  1831. 
«  "Old  Red  Sandstone"  (1841),  p.  100. 
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as  follows :  "  A  fine  grained,  bright  grey  sandstone  prevails  fix)m 
the  Ericht  west  by  Coupar-Grange,  Eosemount  and  Logie  Almond. 
It  contains  numerous  carbonaceous  impressions,  differing,  h/yw- 
tter,fr<yni  those  of  the  grey  sandstones  south  of  the  Sidlaws."  ^ 
In  1858  Salter  determined  a  characteristic  plant  of  the  Caithness 
flags  as  Lycopodites  Milleri.^  Mr  Carruthers,  however,  dissents 
from  this  determination,  and  identifies  this  genus — as  before 
mentioned — with  Dawson's  Psilophyton. 

He  remarks  as  follows :  "  Six  fragments  are  represented  on 
plate  vii.  of  that  work  (Miller's  "  Old  Red  Sandstone,"  1841). 
They  are  obviously  portions  of  the  plants  to  which  Dr  Dawson 

long  after  gave  the  name  Psilophyton This  plant,  which  figured 

as  a  fucoid  in  1841  (Miller's  "  Old  Eed  Sandstone  "),  is  certainly 
the  same  as  that  to  which  Goppert  in  1847  gave  the  name 
Haliserites  dechenianus."  Referring  to  Dawson's  Psilophyton, 
he  stat-es:  "The  species  named  P.  princeps  .  .  .  repeatedly 
^jranched  dichotomously,  vAth  the  tips  sometimes  rolled  up  in  a 
circinate  manner.  The  long,  slender  leaf-bearing  branches  of 
this  Canadian  plant  indicate  a  differerU  species  from  the  Scottish 
planty  but  in  other  respects  the  plants  agree."  * 

It  will  be  seen  that  this  author,  by  assuming  that  Lycopodites 
possessed  the  circinate  form  of  branching,  and  the  fruit  of 
Psilophyton,  identifies  the  former  with  the  latter  as  the  same 
genus.  We  have,  however,  to  point  out  that  no  circinate 
branching  or  fruit,  up  to  this  date,  occurred  in  Lycopodites. 
The  fruit  of  the  latter  is  a  more  recent  discovery,  and  the  fact 
of  its  being  sessile  and  globular — whilst  in  Psilophyton  the  fruit 
consists  of  terminal  oval  spore-cases — clearly  indicates  that  in  the 
former  and  the  latter  we  find  plants  generically  distinct.* 

In  1859  Sir  William  Dawson  refers  to  his  discovery  of 
Psilophyton  in  the  Gaspe  sandstones,  while  in  1871  he  more 
fully  describes  the  plant  as  possessing  rhizomata,  stems, 
branches,  internal  structure  and  fruit  in  a  very  perfect  state  of 
preservation,*  thus  revealing  for  the  first  time  the  true  character 
of  this  genus. 

Since  this  date  renewed  attention  appears  to  have  been 
directed  towards  the  plants  of  the  Old  Eed  Sandstone  of  Scot- 
land, which  still  continues. 

Dawson  describes  Psilophyton  princeps  as  follows :  "  Stems 
branching  dichotomously,  and  covered  with  interrupted  ridges, 
leaves  rudimentary,  or  short,  rigid,  and  pointed,  .  .  .  Young 

'  Gnide  to  the  Geology  of  Scotland,  pp.  118,  119  (1844). 
'  Quart,  Jotmu  Oeol,  8oc.y  vol.  xiv.  p.  75,  1868. 
'  Jwmal  o/Botcmy,  1878. 
^  Plate  zzi.,  figs.  1,  4,5. 

^  QuaH,  Joum.  GeoL  8oc,,  vol.  zv.  pp.  478,  481  (1859) ;  and  Kept  Geol.  Sunr. 
ofCuuula,pp.  87,  89(1871). 
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branches  circinate  .  .  .  Internal  structure — an  axis  of  scalariform 
vessels,  surrounded  by  a  cylinder  of  parenchymatous  cells,  and  by 
an  outer  cylinder  of  elongated  woody  cells.  Fructification  con- 
sisting of  naked  oval  spore-cases,  borne  usually  in  pairs  on 
slender,  curved  pedicels,  either  lateral  or  terminal." 

With  regard  to  Psilophyton  robustius :  "  The  habit  of  grovrth 
at  once  distinguishes  this  species,  as  well  as  the  smooth  dotted 
surface,  the  absence  of  distinct  leaves,  and  its  crowded  clusters  of 
spore-cases."  ^ 

The  genus  Psilophyton  dechenianum  (first  established  by 
Mr  Carruthers),  in  our  opinion,  and  apparently  in  that  of 
geologists  generally,  contains  several  distinct  genera  of  plants. 
Its  author  describes  it  in  the  following  terms : — 

"The  only  British  species  may  be  thus  characterised: 
Psilophyton  dechenianum  (Carr.).  Lower  branches  short  and 
frequently  branching,  giving  the  plant  an  oblong  circumscription. 

1841.  Fucoid.     Hugh  Miller  (Lycopodites  ?). 
1847.  Haliserites  dechenianus.     Gopp. 
1857.  Lepidodendron  nothimi.     Salter  (non  ung.). 
Lycopodites  MillerL     Salter."  * 

In  Mr  Kidston's  Psilophyton  dechinianus  (Gopp  sp.)  the 
plants  forming  P.  dechenianum  (Carr.)  are  included,  while 
Dawson's  P.  robustius  and  numerous  continental  plants  are 
added  to  the  list.  We  observe  that  Miller's  Fucoid,  1841  (Carr.), 
is  post-dated  by  this  author  to  1857  and  1865.^ 

We  have  elsewhere  dealt  somewhat  exhaustively  with  the 
genera  Psilophyton  and  Lycopodites,  to  which  we  refer.*  A  few 
salient  points,  however,  bearing  upon  the  subject  may  be  here 
adverted  to. 

Messrs  Carruthers  *  and  Kidston  ®  refer  Psilophyton  princejw 
to  a  Canadian  species,  but  in  Miller's  "Old  Eed  Sandstone" 
(plate  vii.,  fig.  3)  the  slender  figure  showing  circinate  branching 
is  certainly  not  P.  robustius,  which  is  many  times  larger.  It  is, 
therefore,  referable  to  P.  princeps.  Yet  these  authors,  while 
rejecting  this  species  from  the  Old  Red  Sandstone  of  Scotland 
on  the  one  hand,  restore  it  on  the  other. 

Sir  William  Dawson  is,  perhaps,  equally  well-qualified  to 
express  an  opinion,  and  with  regard  to  a  suite  of  specimens  of 
Psilophyton  (from  the  Murthly  sandstones)  we  submitted  to 
him  in  1889,  he  remarks : 

^  Rept.  Geol.  Siirv.  of  Canada,  pp.  37,  39,  1871. 

*  Journal  of  Botany f  1878. 

'  Cat  Brit.  Mu8.,  Paleeo.  plants,  pp.  282,  283  (1886). 

*  Trans.  Geol.  Soo.  of  Glasgow,  1896. 

*  J(yumal  of  Bctany,  1873. 

*  Cat.  Brit.  Mus.,  Paleeo.  plants,  p.  282  (1886). 
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''PMophyton   princeps  predominates  as  in   Gasp^ P. 

robnfitius  is  less  abundant,  and  Arthrostigma  gracile  is  repre- 
sented by  some  portions  of  stems.  On  the  whole  the  assemblage 
is  exactly  those  of  the  lower  division  of  the  Gaspci  sandstones."^ 

We  have  compared  P.  princeps  of  the  Murthly  sandstones 
with  P.  princeps  from  Campbellton,  N,  Brunsioick,  and  find  their 
point*  of  structure  (including  the  fniit)  identical.  It  is  also  to 
be  noted  that  P.  robustius — which  Kidston  identifies  with 
Lycopodites  ^ — has  shown  no  leaves,  while  in  Lycopodites  the 
leaves  are  often  numerous  and  imbricated.  Since  Salter's  deter- 
mination of  Lycopodites,  this  genus  appears  to  have  been 
generally  adopted  by  geologists. 

It  is  recognised  by  Sir  William  Dawson  in  1871,*  by  Messrs 
Jack  and  Etheridge  in  1877,*  and  by  Sir  A.  Geikie  in  1878.'^ 
Even  Mr  Kidston  himself,  while  disputing  its  occurrence  in  the 
Scottish  Old  Bed,  refers  to  Lycopodites  Eichardsoni  (Daw.)  of 
the  Devonian  of  Perry,  Maine,  United  States.^ 

In  short,  we  have  to  state  that,  with  the  exception  of  Messrs 
Carruthers'  and  Kidston's  papers  on  P.  dechenianum,  we  have 
not  seen  this  so-called  genus  referred  to  in  any  text-book  or 
paper  on  geology. 

But  farther:  "The  more  recent  discovery  of  the  Psilophyton 
beds  of  the  Lower  Old  Eed  Sandstone  of  Midland  Scotland, 
aifords  additional  evidence  in  favour  of  the  distinctive  characters 
of  Psilophyton  and  Lycopodites.  From  Rosemount,  East  Perth- 
shire, to  the  shores  of  Loch  Lomond,  numerous  exposures  occur 
in  these  upper  sandstones,  presenting  a  profuse  assemblage  of 
stems,  branches,  and  occasionally  fruit  of  Psilophyton.^  Were 
the  latter  and  Lycopodites  identical,  we  should  be  prepared  to 
find  in  some  of  these  beds  evidence  of  the  fact.  But  throughout 
the  Lower  Old  Red  Sandstone  of  Central  Scotland,  Lycopodites 
«  amqneuous  by  its  aise^icc"  ^  It  is  also  to  be  noted,  that  in 
the  lower,  middle  and  upper  sandstones  of  Gasp(5  and  New 
Brunswick,  Psilophyton  prevails,  but  Lycopodites  is  absent.^ 

We  have  referred  to  the  fructification  of  Lycopodites,  which 
occurs  in  a  specimen  we  obtained  from  the  Caithness  flags  in 
1891.  It  consists  of  sessile,  globular  sporangia,  thus  showing 
that  P.  dechenianum  (Cam  and  Kidston)  is  founded  upon  at 
least  tfux)  plants  generically  distinct, 

^  Nature,  April  10,  1890.         »  Gat.  Brit.  Mas.,  PaUeo.  plants,  p.  232,  1886. 

'  Rept  Geol.  Surv.  of  Canada,  1871,  p.  84. 

*  QuaH,  Joum,  OeoL  Soe.  (1877),  p.  216. 

'  "The  Old  Red  Saniistone  of  Western  Europe,"  p.  402  (1878). 

'  Cat  Brit.  Mus.,  Palseo.  plants,  p.  231  (1886). 

'  See  "Text-book  of  Geology,"  Sir  A.  Geikie,  p.  708  (1882). 

^  Trans.  Geol.  Soc.  Glasgow,  1896. 

'  "The  Geological  History  of  Plants,"  Sir  Wm.  Dawson,  pp.  279,  280  (1888). 
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Professor  Penhallow  says  of  this  fertile  specimen  of  Lycopo- 
dites :  "  The  specimen  is  a  carbonised  fertile  stem  8  cm.  long, 
and  6  m.m.  wide,  showing  a  short  branch  at  the  base.  The 
leaves  are  narrowly  lanceolate,  acute  and  somewhat  spreading. 
The  basal  articulation  of  the  scales  is  obscure,  but  among  these 
organs,  sometimes  strictly  basal,  or  again  scattered  irregularly 
over  the  entire  remains,  are  carbonised  sporai^ia  1  m-m.  in 
diameter.  The  indications  of  the  specimen  point  to  a  spiral 
arrangement  of  the  leaves.  The  whole  aspect  of  the  plant  is 
strongly  su^estive  of  Lycopodium  selago,  both  in  its  general 
form  and  in  the  way  the  fruit  is  produced.". 

"  The  description  is  :  stems  branching,  leaves  disposed  spirally, 
narrowly  lanceolate,  acute,  5  m.m.  long,  1  m.m.  broad  at  the 
base ;  spomngia  globular,  1  m.m.  broad."  ^ 

We  pass  to  a  consideration  of  Zosterophyllum  myretonianuin 
(Penh.).  This  plant  is  usually  associated  with  Parka  decipiens 
in  the  Forfarshire  flags.  The  latter,  however,  shows  non- 
dichotomous  leaves  of  two  dimensions.  In  Parka  PleuL  they 
reach  1  cm.  in  breadth,  while  in  Parka  media  and  P.  minor 
they  are  about  2  m.m.  broad.  We  shall  however  discuss 
this  genus  more  fully  in  the  concluding  part  of  this  paper. 
Prof.  Penhallow  describes  Zosterophyllum  as  "  Aquatic  plants 
with  creeping  stems,  from  which  arise  narrow  dichotomous 
branches  and  narrow  linear  leaves  of  the  aspect  of  Zostera. 
Fruit  are  ovoid  or  spherical  sporangium  (?)  produced  with  short 
pedicels  without  subtending  tracts,  from  a  single  axis,  the 
whole  forming  a  loose  spike."  * 

As  we  have  seen,  the  grassy-looking  leaves  referred  to  by  Dr 
Fleming  in  1831  indicate  Zosterophyllum.  Nicol  in  1844 
appears  to  have  observed  the  characteristics  of  Zosterophyllum 
and  also  of  Psilophyton  of  the  Perthshire  sandstones,  while 
Hugh  Miller^  notes  a  peculiar  structure  (anastomosis)  detected 
by  Dr  Fleming  in  this  genus,  which  places  it  in  an  unique 
position  among  the  plants  of  the  Old  Red  Sandstone  of  Scot- 
land. We  have  observed  this  structure  in  Zosterophyllum— 
uniting  contiguous  leaves  altogether,  as  Miller  remarks,  like  the 
Siamese  twins.  In  speaking  of  the  plants  of  the  Forfarshire  flags, 
Miller  says: — "I  observed  in  particular  one  large  bunch  of 
ribbon-like  leaflets  converging  into  a  short  stem,  so  that  the 
whole  resembled  a  scourge  of  cords."  *  In  1882  Sir  A.  Geikie  also 
refers  to  the  grass-like  plants  of  the  Forfarshire  rocks.^    These 

'  Canadian  lUcard  of  Scie7iee,  p.  9,  1892. 
'  Canadian  Record  of  Science ,  p.  12,  1892. 
»  "  The  Test  of  the  Rocks,"  p.  446  (1867). 
*  *•  Old  Red  Sandstone."  4th  ed.,  p.  188  (1850). 
»  **  Text-book  of  Geology,"  p.  714  (1882). 
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descriptions — grass-like  plants  and  ribbon-like  leaflets — exactly 
agree  with  the  bunch  of  Zosterophyllum  shown  in  the  specimen 
on  the  table  before  us.^  If  we  were  to  suppose  this  bunch  of 
the  plant  broken  into  fmgments  and  scattered  over  the  beds  in 
which  Zosterophyllum  is  prevalent,  we  should  find  the  same 
exactly  represented  by  the  broken  fragments  of  plants  met  with 
in  these  beds.  The  latter  show  a  simple  bifurcation,  which  is 
also  a  characteristic  of  the  parent  plant. 

Mr  Kidston,  however,  notes  the  occurrence  of  Psilophyten 
(P.  dechenianus)  in  association  with  Pterygotus  in  the  Forfar- 
shire rocks.*  Before  accepting  this  view  we  should  require 
evidence  as  to  the  occurrence  of  a  central  stem  branching 
diehoUmumdy,  circinate  vernation,  and  fruit,  all  of  which 
appear  to  be  absent.  We  have  examined  numerous  specimens 
of  plants  from  the  flags  of  Myreton,  Duntnine,  Carmyllie,  and 
Turin  Hill  (localities  somewhat  widespread  and  representative), 
but  in  none  of  them  have  we  discovered  a  central  branching 
stem  of  Psilophyton. 

The  latter,  as  seen  in  specimens  before  us,  shows  numerous 
dichotomous  branches,  even  in  specimens  of  very  small  dimensions 
(see  specimens  from  Campbellton,  N.  Brunswick,  Caithness,  and 
Murthly). 

Zosterophyllum  then  appears  to  be  generically  distinct  from 
Psilophyton.  The  structure  of  its  leaves  is  in  marked  contrast 
to  that  of  the  stems  and  branches  of  the  latter  plant  Prof. 
Penhallow,  in  referring  to  the  leaves  of  Zosterophyllum,  remarks : 
*"  Unear  leaves  often  showing  fine  parallel  veining.^  In  Dawson's 
description  of  Cordaites  augustifolia,  which  he  ideutifies  with 
Zosterophyllum,  he  states :  "  leaves  linear  and  much  elongated, 
with  delicate  eg[iml  parallel  nervures"  * 

This  equal  parallel  veining  observable  in  the  leaves  of 
Zosterophyllum  presents  a  structure  widely  different  from  the 
somewhat  bold  i7iterrupted  ridging  often  met  with  in  the  stems 
and  branches  of  Psilophyton. 

Closely  surrounded  by  leaves  of  Zosterophyllum,  Prof. 
Penhallow  discovered  a  fruiting  spike.  Another  of  these  spikes 
is  before  us.  Unattached  fruit  bodies  are  also  prevalent  in  the 
Forfarshire  flags.^  These  fruiting  spikes  and  fruit  bodies  show 
no  resemblance  to  the  fructification  of  Parka,  or  even  to  the 
spore-cases  of  Psilophyton ;  they  have  therefore  been  referred 
hj  Prof,  Penhallow  to  Zosterophyllum. 

Some  years  ago  we  discovered  in  the  Myreton  shales  several 

*  Pkte  xxii.,  fig.  1.        «  Cat.  Brit.  Miw.,  Palseo.  plants,  p.  234  (1886). 
^  Canadian  Seeard  of  Science,  p.  9,  1892. 
*  Kept  Geol.  Surv.  of  Canada,  p.  44, 1871. 
^  Canadian  Record  o/Sciencej  p.  11»  1892. 
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minute,  globular,  carbonaceous  bodies,  rather  more  than  '50 
m.m.  in  diameter.  They  show  no  appearance  of  structure,  but 
we  think  they  may  probably  represent  the  sporangia,  of 
Zosterophyllum. 

Summai-y. — We  may  regard  Psilophyton  as  distinguished 
from  Lycopodites  by  its  terminal  spore-cases,  rigid  structure, 
and  circinate  brandling.  Lycopodites,  on  the  other  hand, 
appears  to  have  possessed  a  somewhat  herbaceous  structure  and 
i*ecumbent  habit  of  growth,  whilst  its  sessile  fruit  undoubtedly 
differentiates  the  plant  from  Psilophyton  and  Lepidodendron, 
with  which  it  has  mistakenly  been  identified. 

Zosterophyllum,  in  its  narrow  linear  leaves,  showing  ^nc  equal 
parallel  veining,  its  creeping  rhizome,  anastomose  structure,  and 
globular  fruit,  certainly  indicates  a  genus  distinct  from  Psilo- 
phyton, presenting  all  the  characteristics  of  an  aquatic  plant, 
apparently  allied  to  Parka  decipiens  of  the  same  beds. 

Turning  now  to  give  a  brief  description  of  Parka  decipiens, 
it  will  be  remembered  that  tliis  remarkable  fossil  was  first  dis- 
covered by  Dr  Fleming  at  Parkhill  near  Newburgh,  Fife,  from 
which  locality  it  derives  its  generic  name.  Dr  Fleming  after- 
wards described  it  in  Cheek's  Edinburgh  Magazine  for  1831,^ 
there  ascribing  to  it  a  vegetable  origin  and  considering  it  to  be 
the  "  conglobate  panicles  of  extinct  species  of  the  genus  Juncus 
or  Sparganium." 

Since  the  time  of  Fleming  up  to  the  present  day.  Parka  has 
attracted  the  attention  of  many  of  our  leading  geologists,  as 
Lyell,  Miller,  Page,  Powrie,  Peach,  Geikie  and  others.  It  was 
reserved,  however,  for  Sir  William  Dawson  and  Professor  Pen- 
hallow  to  reveal  the  true  nature  and  relationships  of  the  fossil, 
which  they  did  in  a  paper  contributed  to  the  Eoyal  Society  of 
Canada,^  in  the  year  1892,  and  in  which,  we  submit,  they  placed 
the  vegetable  origin  of  Parka  beyond  dispute  by  the  discovery 
of  a  mass  of  evidence  to  which  we  shall  presently  refer,  and  for 
a  detailed  account  of  which  we  would  refer  the  reader  either  to 
the  original  papers  by  these  authors,  or  to  a  paper  published  in 
the  Transactions  of  the  Glasgow  Geological  Society,  by  the  pre- 
sent writers  and  Mr  W.  Graham  of  Eescobie,  for  the  year  1897.* 
After  the  discovery  of  Parka  by  Dr  Fleming,  various  opinions 
came  to  be  held  as  to  the  exact  nature  of  the  fossil  by  those 
geologists  already  mentioned,  some  believing  it  to  be  the  fniit 
of  a  flowering  plant,  whQe  others,  recognising  its  common  associa- 
tion in  the  same  beds  with  such  Eurypterid  crustaceans  as 
Pterygotus,  considered  it  to  be  the  egg-packets  of  these  animals, 

1  Cheek*8  Edinburgh  MagaaiTU,  1881,  p.  86. 

*  Transactions  of  the  Royal  Society  ot  Canada,  vol.  ix.  (1892),  sec.  4,  p.  3. 

>  Trans.  Geol.  Soc.  of  Glasgow,  vol.  xi.  p.  105, 1897. 
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a  view  which  latterly  was  generally  held  to  be  correct,  and 
became  universally  adopted  in  geological  and  palseontological 
text-books.  The  publication  of  these  papers  by  Sir  William 
DawBon  and  Professor  Penhallow,  in  our  opinion,  has  placed  the 
vegetable  origin  of  Parka  beyond  dispute,  showing  as  they  do 
from  a  mass  of  cumulative  evidence  that  Parka  and  its  associated 
leaves  and  stems  are  closely  allied  to  our  modem  rhizocarpean 
forms.  The  following  being  their  description  of  the  genus  Parka 
Fleming:  aquatic  plants  with  creeping  rugose  stems,  linear  leaves 
and  sessile  sporocarps  bearing  three  kinds  of  sporangia.  Sporangia 
2  m.m.  in  diameter,  macrospores  40  m.m.,  microspores  15  m.m.^ 

Parka  decipiens,  or  rather  that  part  of  the  plant  which  is 
now  recognised  as  its  sporocarp,  and  to  which  the  name  was 
originally  given  by  Fleming,  consists  of  oval  or  circular  masses 
of  clisc-shaped  bodies,  sometimes  preserved  as  a  black  car- 
bonaceous substance,  and  at  others  as  a  mere  pseudomorph  of 
iron  from  which  all  trace  of  its  original  vegetable  structure  has 
been  removed.  Professor  Penhallow  recognises  three  forms  of 
the  sporocarp,  one  of  which  he  refers  to  the  species,  while  the 
other  two  are  recognised  as  varieties — these  being  principally 
founded  on  diflferences  of  form  and  size,  the  varieties  being 
named  Parka  media  and  Parka  minor.  Their  dimensions  are 
as  follows:  Parka  decipiens,  3*5  x  5'5  cm.;  P.  media,  13  x  20  m.m.; 
P.  minor,  6x16  m.m.  It  may  here  be  noted  that  the  sporocarp 
of  Parka  shows  the  internal  grooving  passessed  by  the  modem 
rhizocarpeae.  It  has  been  suggested  by  some  that  the  Parka 
discs  or  sporangia  are  of  the  nature  of  sporocarps  attached  to 
an  oval,  striated  leaf-like  body.  But  the  discovery  by  us  of  a 
sporocarp  from  the  shales  of  Myreton,  which,  splitting  in  two, 
showed  on  one  side  the  usual  cluster  of  discs,  and  on  the  other 
the  impressions  only,  has  led  us  to  the  conclusion  that  the 
sporangia  have  been  enclosed  in  a  sac  or  coveiing,  of  which  the 
grooved  portion  to  which  the  discs  are  usually  attached  forms 
the  one  side,  while  that  with  the  hexagonal  or  circular  impres- 
sions only  forms  the  other,  the  two  taken  together  completing 
the  indusium. 

It  is  a  singular  fact  that  amongst  the  many  hundreds  of 
specimens  of  Parka  sporocarps,  which  have  been  found  in  these 
beds  of  Forfarshire  during  the  last  seventy  years,  not  one 
instance  has  yet  been  recorded  of  these  bodies  having  been 
found  in  actual  organic  union  with  any  of  the  other  plant 
remains  found  in  the  same  beds ;  as  we  shall  presently  see  there 
is  abundant  evidence  in  the  sporocarp  itself,  not  only  to  prove 
its  vegetable  origin,  but  also  to  give  us  a  clue  as  to  its  real 
affinities.     But  wliy  this  complete  isolation  of  the  sporocarp 

^  TraDsactions  of  the  Royal  Society  of  Canada,  vol.  ix.  (1892),  sec.  4,  p.  16. 
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from  the  rest  of  the  plant  ?  Those  who  have  seen  the  frag- 
mentary condition  in  which  these  plant  remains  occur,  will  the 
more  easily  understand  this  isolation  of  the  sporocarp  from  the 
rest  of  the  plant. 

In  not  a  few  instances  we  have  found  evidence  of  what  appears 
to  be  a  sporocarp  set  upon  a  stalk,  but  it  is  often  difficult  to 
determine  whether  the  apparent  stalk  and  sporocarp  are  in 
actual  organic  union,  or  are  only  deceptively  so.  It  will  also  be 
recollected  that  in  the  later  editions  of  "  The  Old  Red  Sand- 
stone" ^  there  is  a  figure  given  of  Parka,  apparently  in  connection 
with  a  stalk,  from  the  collection  of  Lord  Kinnaird. 

Intimately  associated  with  these  sporocarps  and  scattered  over 
the  same  slabs  are  found  stems  and  leaves,  which  we  venture  to 
think  have  been  correctly  associated  by  Sir  William  Dawson 
and  Professor  Penhallow  with  the  sporocarp  just  described  as 
part  of  the  same  plant.  The  stems  of  Parka  decipiens  are  some- 
what large  and  of  a  rugose  character,  the  leaves  being  1  cm. 
broad,  with  rounded  terminations.  The  stems  of  Parka  media 
and  Parka  minor  are  of  a  smaller  size,  and  the  leaves  measure 
about  2  m.m.  in  breadth,  closely  resembling  the  rachis  of  Pilu- 
laria.  One  of  our  specimens  from  the  flags  of  Turin  Hill  dis- 
tinctly shows  a  number  of  stumps  of  leaves  proceeding  from  a 
creeping  rhizome. 

It  is  when  the  Parka  discs  or  sporangia  are  submitted  to  a 
microscopic  examination  that  the  most  conclusive  evidence  bear- 
ing upon  their  vegetable  origin  and  affinities  is  to  be  found. 
But  before  proceeding  to  discuss  this  we  might  briefly  indicate 
the  method  employed  in  the  preparation  of  the  discs  for  micro- 
scopic examination.  If  a  few  of  the  Parka  discs  be  separated 
from  the  matrix,  placed  in  a  test  tube  with  nitric  acid,  and  then 
held  over  a  flame  and  boiled  out,  it  will  be  found  in  some  cases 
that  the  outer  black  carbonaceous  covering  of  the  disc  has  dis- 
appeared and  revealed  an  inner  amber-coloured  layer.  If  these 
discs  be  examined  at  this  stage,  or  even  without  having  been 
boiled  in  the  acid,  they  will  be  seen  to  show  upon  their  surface 
a  beautiful  hexagonal  cellular  areolation,  first  noticed  by  Sir 
Wm.  Dawson,  and  of  which  he  says :  "  In  comparing  this  with 
the  surface  of  sporocarps  of  Protosalvonia  from  Ohio  and 
Brazil  I  found  the  structures  perfectly  similar.  This  was  so 
far  an  indication  of  vegetable  affinity,  as  I  know  of  no  crustacean 
or  molluscan  showing  such  cellular  areolation."  * 

If  those  discs  which  have  become  more  or  less  transparent  in 
the  process  of  boiling,  be  then  broken  up  in  water  and  examined 
under  the  microscope,  there  will  be  foimd  amongst  the  broken- 

1  '*  Old  Red  Sandstone,"  p.  277  and  plate  ziii. 
'  Trans.  Royal  Society  of  Canada)  vol.  ix.  p.  6. 
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up  fragments  numerous  oval-shaped  bodies,  which  have  been 
described  by  Prof.  Penhallow  in  the  paper  which  we  have  already 
cited,  to  be  of  the  nature  of  spores,  and  similar  in  every  respect 
to  the  microspores  and  macrospores  of  our  living  rhizocarpese 
That  they  are  of  the  nature  of  spores  we  do  not  think  there  can 
be  any  doubt.  We  have  shown  them  to  several  botanical 
experte  and  their  similarity  is  at  once  admitted. 

Prof.  Penhallow  further  describes  the  occurrence  in  his  slides 
of  aggregations  of  cells  around  a  central  carbonised  mass.  These 
he  at  first  mistook  for  the  walls  of  empty  sporangia,  but  a 
further  examination  has  shown  that  they  are  more  likely  to  be 
of  the  nature  of  prothalli.  In  a  series  of  these  aggregations  of 
cells  they  show  what  appears  to  be  diflFerent  stages  in  develop- 
ment In  the  earlier  stages  of  growth  from  the  spore  they  are 
spherical,  while  in  the  later  they  are  flat  and  thalloid. 

In  several  of  our  slides  we  have  found  evidence  of  a  rectangular 
marking  upon  the  spores,  which  may  represent  the  hilum  or  scar 
of  attachment.  Sir  Wm.  Dawson  notes  the  occurrence  of  the 
triangular  mark  of  Isoetes  upon  some  of  the  spores,  which  may 
be  the  same  as  those  markings  we  have  just  mentioned. 

Such,  then,  is  a  brief  recapitulation  of  the  evidence  upon 
which  the  vegetable  origin  and  rhizocarpean  affinities  of  Parka 
has  been  based.  Some  have  cast  doubts  upon  the  value  of  the 
microscopical  evidence,  and  pointed  out  the  exceeding  frag- 
mentary conditions  in  which  the  diflerent  parts  of  the  supposed 
genus  occur.  Eegarding  the  objections  to  the  microscopical 
evidence,  we  would  merely  again  repeat  that  we  have  examined 
a  laige  number  of  slides,  and  have  shown  them  to  several 
botanical  experts,  who  have  agreed  that  the  evidence  for  the 
existence  of  spores  and  prothalli  within  the  Parka  discs  is  of 
such  a  nature  as  to  be  perfectly  conclusive  to  their  own  minds. 
As  to  the  fragmentary  nature  of  the  "  supposed  "  genus,  and  the 
fact  that  the  separate  parts  are  never  to  be  found  in  actual 
organic  union,  we  would  merely  point  out  that  plants  having  the 
whole  of  their  parts  in  actual  organic  union  are  exceedingly  scarce 
in  the  geological  formations.  And  if  palseobotanists  were  to 
admit  only  such  species  as  those  whose  whole  parts  had  been 
found  in  actual  union  we  would  have  a  very  poor  fossil  flora 
indeed.  The  parts  of  Parka  are  not,  we  venture  to  think,  in 
any  more  fragmentary  conditions  than  many  plants  of  carboni- 
ferous times.  And  it  still  remains  for  those  who  object  to  Sir 
Wm.  Dawson  and  Prof.  Penhallow's  determinations  to  show  us 
what  Parka  is,  and  if  of  vegetable  origin  to  what  part  of  the 
vegetable  scale  it  is  to  be  assigned. 

Turning  now  in  conclusion  to  a  brief  consideration  of  the 
distribution  of  these  four  genera  of  Old  Red  Sandstone  plants,. 
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we  may  remark  at  the  outset  that,  having  already  elsewhere 
expressed  our  opinions  as  to  the  physical  conditions  under 
which  we  think  the  Scottish  Old  Red  Sandstone  has  been 
accumulated,  and  having  there  maintained  the  necessity  of  con- 
sidering the  Lanarkian,  Caledonian,  and  Orcadian  rocks^  as 
represeutinjj  three  distinct  and  well-marked  horizons,  of  which 
the  Lanarkian  is  the  oldest,  the  Caledonian  the  next,  and  the 
Orcadian  the  youngest  in  time ;  we  have  shown,  in  support  of 
this  view,  that  the  petrological  characters,  stratigraphy  and 
stractural  relationships,  as  seen  in  each  of  these  three  areas, 
(entirely  favours  their  formation  under  widely  differing  physical 
<5onditions,  and  which  could  not  be  obtained  under  the  supposi- 
tion that  they  represent  contemporaneous  basins.  It  may  also 
be  pointed  out  in  passing  that  the  evidence  derived  from  the 
fish  fauna  of  these  rocks  points  most  conclusively  in  the  direction 
that  these  three  groups  of  the  Scottish  Old  Eed  Sandstone  repre- 
sent three  distinct  and  successive  horizons  in  geological  time. 

Let  us  now  see  what  evidence  the  distribution  of  these  four 
genera  of  Old  Red  Sandstone  plants  brings  to  bear  upon  the 
^juestion.  The  genera  Psilophyton  first  makes  its  appearance  in 
the  upper  beds  of  the  middle  or  Caledonian  series  of  the  Scottish 
Old  Red  Sandstone  deposits,  and  its  decorticated  remains,  with 
occasional  more  perfect  specimens  showing  fruit  and  charac- 
teristic circinate  vernation,  are  well  known  to  crowd  the  upper 
sandstones  stretching  from  Rosemount,  south  of  Blairgowrie, 
through  Murthly,  Logiealmond,  Callander,  Gartmore  and  thence 
onward  to  the  shores  of  the  Firth  of  Clyde.  Formerly, 
Psilophyton  was  supposed  to  occur  upon  a  much  lower  horizon, 
namely,  in  the  fossiliferous  beds  which  underlie  the  volcanic 
zone  of  the  Sidlaws  and  Ochils,  and  which,  appearing  at  Bal- 
ruddery,  stretch  north-eastward  into  Forfarshire.  But  as  we 
have  already  shown  at  the  outset  of  this  paper,  Psilophyton  has 
never  been  definitely  ascertained  to  occur  upon  this  horizon,  the 
broken  remains  of  Zosterophyllum  being  often  erroneously  re- 
ferred to  this  plant.  In  a  paper  published  in  the  Transactions  of 
the  Glasgow  Geological  Society,^  by  the  present  authors  and  Mr 
W.  Graham,  we  have  named  these  two  distinct  horizons  of  plant 
remains  as  the  Parka  and  Psilophyton  zones,  and  for  further 
details  as  to  the  stratigraphical  relationships  of  which  we  would 
refer  the  reader.  Psilophyton  also  occurs  in  the  Orcadian  series, 
specimens  of  the  plant. being  found  in  the  John  o'  Groats  beds 
and  in  the  flagstones  around  Thurso.  As  at  Holburn  Head, 
Hill  of  Forss  and  Castletown,  also  at  Kilmister,  Wick  ;  it  seems, 
therefore,  to  range  from  the  upper  sandstones  in  the  axial  beds 

1  Geological  Magazine^  vol.  iii.  pp.  106,  217. 
*  Trans.  Geol.  Soc.  of  Glasgow,  vol.  xi.  p.  112. 
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of  Strathmore  of  the  Caledonian  series,  to  the  highest  beds  of 
the  Orcadian  series  as  seen  at  John  o'  Groat's  House.  Lyco- 
podites  is  only  known  to  occur  in  the  upper  or  Orcadian  series, 
and  seems  to  be  confined  to  the  Thurso  flagstone  group. 

The  genus  Zosterophyllum  is  first  known  to  appear  in  the 
Caledonian  group,  and  in  the  beds  which  we  have  already  men- 
tioned as  underlying;  the  volcanic  zone  of  the  Sidlaws  and  the 
Ochils,  ranging  from  Balruddery  north-eastwards  through  Myre- 
lon,  Carmyllie,  Turin  Hill  and  Glammis.  Zosterophyllum  also 
passes  from  the  Caledonian  upwards  into  the  Orcadian  gi'oup, 
and  occurs  along  with  Psilophyton  and  Lycopodites  in  the  flag- 
stone series  of  Thurso.  Passing  now  to  the  genus  Parka  we 
find  it  has  an  exceedingly  limited  distribution  in  the  Scottish 
Old  Red  Sandstone,  being  confined  to  the  Caledonian  group,  and 
to  these  beds  underlying  the  volcanic  zone  of  the  Sidlaws  and 
Ochils  having  a  similar  geogmphical  range  to  Zosterophyllum. 
In  a  paper  in  the  Transactions  of  the  Geological  Society  of  Edin- 
l)urgh,i  by  Mr  R  Etheridge,  Junior,  this  author  refers  to  a 
specimen  of  Parka  decipiens  in  the  collection  of  Mr  Henderson, 
from  the  Upper  Silurian  of  the  Pentland  Hills.  It  has  also 
been  recorded  from  the  Kidderminster  beds  of  England,  so  that 
Parka  may  be  considered  as  characteristic  of  the  Upper  Silurian 
and  Lower  Old  Bed  Sandstone  rocks. 

From  this  description  of  the  distribution  of  these  four  genera 
of  Old  Red  Sandstone  plants,  it  will  be  seen  that  while  Psilo- 
phyton and  Zosterophyllum  are  common  both  to  the  Orcadian 
and  Caledonian  series,  Lycopodites,  on  the  other  hand,  is  con- 
fined to  the  Orcadian  series  alone,  while  Parka  may  be  said 
to  be  limited  to  the  Caledonian  series  with  the  exception  of  the 
Pentland  and  Kjidderminster  specimens,  which  we  have  not  seen, 
and  of  whose  value  in  determining  the  geological  distribution  of 
the  plant  we  cannot  therefore  speak.  Regarding  the  value  of 
Psilophyton  in  the  question  of  the  relative  ages  of  the  Orcadian 
and  Caledonian  series,  it  would  be  well  to  bear  in  mind  that  this 
genus  occurs  in  the  Lower  Middle  and  Upper  Sandstones  of 
Gaspi  and  New  Brunswick.  Zosterophyllum  seems  to  be  common 
to  both  areas. 

It  is,  however,  when  we  consider  the  general  facies  of  the 
Orcadian  flora  with  that  of  the  Caledonian,  when  we  find  in  the 
Caithness  flags  Lycopodites  and  the  remains  of  plants  evidently 
allied  to  Lepidodendron  and  Calamites,  and  also  ferns,  shadowing 
forth,  as  it  were,  the  coming  Carboniferous  flora,  and  none  of 
which  species  are  to  be  found  in  the  Caledonian  series ;  while, 
on  the  other  hand,  in  the  Caledonian  group  we  find  quite  a 
distinct  flora,  having  an  Upper  Silurian  facies,  such  as  Parka 
Pachytheca  and  Arthrostigma,  none  of  which  are  known  to  pass 
^  Trans.  Geol.  Soc.  of  Edinburgh,  vol.  zi.  p.  314. 
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upwards  into  the  Caithness  beds  ;  it  is  when  we  careftdly 
weigh  this  evidence  with  that  derived  from  the  fish  fauna  of 
the  two  areas  and  their  respective  petrological  and  stratigraphical 
characteristics,  that  we  are  driven  by  the  overwhebuing  evidence 
to  the  conclusion  that  they  represent  two  distinct  periods  in 
geological  time,  of  which  the  Orcadian  is  the  younger,  while 
the  Caledonian  is  the  older  of  the  two  areas. 

DESCRIPTION  OF  PLATES. 
Platb  XXI. 

Fio.  1.  Zosterophyllam  Myretoniaiiuin,  natural  size. 

Fio.  2.  Fruiting  spike  of  Z.  Myretonianum  from  Myreton. 

Fio.  3.  Another  fmiting  spike  of  Z.  Myretonianum  from  Garmyllie. 

Fio.  4.  Anastomose  structure  in  the  leaves  of  Z.  Myretonianum. 

Fig.  5.  Another  example  of  Anastomose  structure. 

Fio.  6.  Separate  mature  fruit  bodies  of  Z.  Myretonianum. 

Plate  XXII. 

Fio.  1.  Psilophyton  prinoeps  restored  from  a  Murthly  specimen,  showiDg 
fruit  and  circinate  vernation. 

Fio.  2.  Psilophyton  robustius,  stem,  from  a  Murthly  specimen. 

Fig.  3.  Fruit  of  Psilophyton  prinoeps  enlarged  to  natural  size. 

Fig.  4.  Lycopodites  Keidii,  snowing  stem  leaves  and  sporangia,  from  Thano 
flags. 

Fio.  5.  Ideal  section  of  Lycopodites  Reidii,  showing  relationships  of  stem, 
leaves  and  sporangia. 

Fio.  6.  Sporocarp  of  Parka  deoipiens,  showing  the  internal  grooving  char- 
acteristic of  the  rhizocarpese,  from  Myreton. 

Fio.  7.  Transverse  section  of  sporocarp  of  Parka  decipiens,  showing  sporangia 
and  upper  and  under  parts  of  indusium,  from  Myreton. 
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LI.— On  a  Coarsely  SphenUitic  ("  Vartolitic ")  Basalt  in  Skye, 
By  C.  T.  Clough,  Esq.,  M.A.,  F.G.S.,  and  Alfred  Harkeb, 
Esq.,  M.A-,  F.G.S.,  FeUow  of  St  John's  College,  Cambridge. 
Communicated  by  permission  of  the  Director-General  of 
the  Geological  Survey.     (Plate  XXIII.) 

(Read  I7th  March  1898.) 

L\ST  summer,  during  the  examination  of  the  southern  extremity 
of  the  district  of  Sleat,  in  the  island  of  Skye,  a  thin  basic  in- 
trusive sheet  was  met  with,  which  contained  spherulites  of  an 
unusually  large  size.  Some  of  them  are  considerably  larger  than 
any  yet  recorded  in  basic  rocks  either  in  Britain  or  elsewhere. 

In  Sleat  spherulites  are  abundant  in  the  trachytic  or 
andesitic,  pitchstone,  and  granophyre  dykes,  and  they  sometimes 
occur  in  basaltic  intrusions,  but,  except  for  the  occurrence  now 
to  be  described,  no  spherulites  larger  than  boy's  marbles  have 
been  noticed.  In  some  parts  of  the  world,  however,  as  is  well 
known,  the  spherulites  in  acid  rocks  attain  a  very  large  size. 
Professor  J.  W.  Judd  ^  mentions  some  in  the  granophyre  of  the 
Cuillin  Hills  that  are  nearly  two  and  a  half  inches  in  diameter. 
One  of  us  *  has  recorded  some  in  the  rhyolites  of  Bala  age  at 
Careg-y-defaid  near  Pwllheli,  Carnarvonshire,  which  are  as  much 
as  two  feet  in  diameter.  These,  however,  are  small  beside  the 
examples  noticed  by  Whitman  Cross  *  in  the  rhyolite  of  Silver 
CUff,  Colorado,  which  are  sometimes  ten  feet  in  diameter. 

A  certain  vagueness  or  mystery  which  has  always  attached 
to  the  petrographical  treatment  of  the  so-called  "variolites" 
seems  to  arise  partly  from  the  usually  minute  dimensions  of 
the  special  structures  in  question,  partly,  and  mainly,  from  the 
much  altered  character  of  most  of  the  examples  studied.  The 
fullest  description  we  have  is  perhaps  Lowinson-Lessing's 
account  of  the  rock  of  Jalguba*  on  Lake  Onega.  There  the 
largest  spherulites  are  only  about  a  quarter  of  an  inch  in 
diameter.  The  largest  recorded  "  varioles  "  in  British  examples 
range  up  to  half  an  inch,  in  the  rock  of  Eoundwood,  Co. 
Wicklow,  as  described  by  Sollas.  In  the  case  here  described 
the  diameter  of  the  individual  spherulitic  growths  is  often  as 

^Q.J.G.S.,  voL  xlix.  p.  187,  1898. 
'  "Bala  Vole.  Rocks  of  Caemarv."  (1889),  p.  85. 

'  Proc.  Colo.  Sci.  Soc.,  1890,  p.  275  ;  17th  Aiin.  Rep.  U.S.  Geol.  Sur.,  Part  II., 
p.  298,  PI.  xxviii.,  1896. 
^Tacherm.  Min.  Petr.  Mitth.  (N.8.),  vol.  vi.  pp.  281-800,  PL  iv.,  1885. 
VOL.  VIL  PART  IV.  2  C 
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much  as  two  and  a  half  or  three  inches.  Further,  the  rock  is 
practically  in  its  pristine  condition.  For  these  reasons  the 
description  given  below  may  be  of  interest  for  purposes  of 
comparison. 

Basaltic  rocks  exhibiting  sphenditic  or  variolitic  structures, 
perfect  or  imperfect,  and  of  several  distinct  types,  have  already 
been  described  from  different  localities  among  the  Tertiary 
rocks  of  the  British  Isles ;  viz.,  by  Judd  and  Cole  from  the 
Beal  ^  in  Skye ;  by  Cole  from  the  Quiraing  in  Skye,  from 
Ardtun  in  Mull,^  and  from  ToUymore,  Annalong,*  and  Dunmore 
Head  *  in  County  Down ;  by  the  late  Professor  Heddle  from 
Loch  Screden  in  Mull.*^  From  Palaeozoic  or  presumably 
Palaeozoic  rocks  examples  have  been  studied  by  Blake  •  and 
Cole^  from  Careg  Gwladys  in  Anglesey;  by  Groom  from 
Carrock  Fell  ® ;  by  Miss  Raisin  from  various  localities  in  the 
Lleyn  district  of  Caernarvonshire  ® ;  and  by  Sollas  from  Round- 
wood,  Co.  Wicklow  ^® ;  some  of  these  having  many  points  in 
common  with  the  rock  now  described  from  Camas  Daraich. 
Andesites  with  variolitic  structure  have  been  noted  from  Beinn 
Shiant  in  Ardnamurchan,^^  Aran  Benllyn  near  Bala,  Carrock 
Fell,^2  and  the  Fishguard  district.^* 

The  sheet  to  be  described  is  exposed  near  high  water  mark 
near  the  centre  of  the  bay  of  Camas  Daraich,  just  on  the  R  side 
of  the  Point  of  Sleat  (one  inch  sheet  61),  and  runs  almost 
horizontally  through  a  series  of  contorted  granulitic  grits  or 
arkoses.  The  best  exposures  are  a  little  W.  of  the  centre  of  the 
bay,  at  a  distance  of  about  A  niile  from  the  Point.  In  this 
locality  the  thickness  is  generally  one  or  two  feet  only,  and  in 
one  place  the  intrusion  assumes  a  vertical  dyke-like  form,  run- 
ning almost  at  right  angles  to  the  ordinary  outcrop,  and  is  only 
from  four  to  five  inches  thick.  A  similar  sheet  is  seen,  but 
more  obscurely,  in  another  locality  J  mile  N.E.  of  these 
exposures.  There  is  an  obscure  area,  partly  of  tidal  sand, 
between  the  two  localities,  but  it  is  probable  that  the  sheets  in 
both  belong  to  the  same  intrusion. 

1  Q.J.G.S.,  vol.  xxxix.  p.  460,  1883. 

2  Q.J.G.S.,  vol.  xliv.  pp.  800-307,  PI.  xi.,  1888. 

»  Sci.  Proc.  Roy.  Dubl.  Soc,  vol.  vii.  pp.  511-619,  PI.  xxL,  1892. 

*  GeeL  Mag,,  1894,  pp.  220-222. 

*  Trans.  Geol.  Soc.  Glasg.,  vol.  x.  pp.  84,  85,  PI.  Hi.,  1896. 
«  Rep.  Brit.  Assoc,  for  1888,  pp.  410,  411,  PI.  v.,  fig.  22. 

7  Sci.  Proc.  Roy.  Dubl.  Soc,  vol.  vii.  pp.  112-120,  Pi.  x.,  1891. 

8  Q.J.G.S.,  vol.  xlv.  pp,  298-304,  PI.  xii.,  1889. 
»  Q.J.G.S.,  vol.  xlix.  pp.  145-159,  PI.  i.,  1893. 

10  Sci.  Proc.  Roy.  Dubl.  Soc,  vol.  viii.  pp.  94-106,  1893. 

11  Judd  and  Cole,  l.c, 

"  Barker,  OeoL  Mag.,  1894,  pp.  651-558  ;  "  Petrology  for  Students,"  fig.  41. 
1896  and  1897. 
i»  Reed,  Q.J.G.S.,  vol.  li.  pp.  183-187,  PL  vi.,  1896. 
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In  the  best  exposures  the  radiate  spherulites  are  seen  to  occur 
in  abundance  throughout  the  entire  thickness  of  the  sheet, 
excepting  for  about  an  inch  near  the  top  and  bottom  surfaces. 
These  thin  external  portions  are  so  fine  in  grain  that  no  con- 
stituents are  separable  by  the  naked  eye.  Just  at  the  top 
surface  a  thin  selvage,  perhaps  ^V  inch  in  thickness,  of  black 
glassy  rock  is  seen,  and  this  has  partly  weathered  with  a  blue 
colour.  The  exact  surface  of  contact  with  the  country  rock  is 
not  80  distinctly  seen  near  the  bottom  of  the  sheet  The 
spherulites  are  distinct  in  weathered  rock  faces,  and  in  freshly 
broken  hand  specimens  the  radial  feathery  lines  belonging  to 
the  shapes  appear  as  bright  silk-like  threads,  which  at  once 
attract  the  attention,  even  before  their  methodical  arrangement 
is  made  out. 

In  the  dyke-like  portion  of  the  intrusion  the  spherulites  are 
less  at  the  distance  of  one  inch  from  the  side  than  further  in, 
and  it  is  probable  that  the  general  rule  ^  of  decrease  in  size  as 
the  surface  of  the  intrusion  is  approached  obtains  also  in  the 
rest  of  the  intrusion.  Yet,  in  one  place,  at  a  distance  of  only 
two  inches  below  the  top  surface  of  the  sheet,  an  oval  spherulite, 
exposed  on  a  rock  face  parallel  to  the  surface,  was  observed, 
which  had  a  longer  diameter  of  three  and  a  half  inches.  No 
spherulite  appreciably  larger  than  this  w£is  anywhere  noticed, 
and  it  seemed  as  if  the  general  size  of  the  spherulites  was  as 
large  at  this  distance  from  the  surface  as  in  the  middle. 

The  forms  of  the  sphei-ulites  are  various.  Many  of  them  are 
bounded  by  plane  surfaces  on  one  or  more  sides,  and  so  appear 
in  sections  as  polygonal  or  partially  polygonal  figures.  In  the 
fonns  with  rounded  or  curved  surfaces,  oval  sections  are  more 
common  than  circular  sections,  but  the  dififerences  between  the 
longer  and  shorter  diameters  are  usually  not  great.  In  a  few 
cases,  however,  the  sections  are  more  elongate,  and  we  get  an 
approach  to  "axiolites."  It  has  not  been  noticed  that  there  is 
any  general  difference  in  shape  between  the  sections  exposed 
in  rock  faces  parallel  to  the  cooling  surfaces  and  those  in  rock 
faces  perpendicular  to  these  surfaces. 

Where  the  spherulites  are  edged  by  plane  surfaces,  we  always 
find  that  these  surfaces  are  in  close  contact  with  the  sides  of 
other  spherulites.  In  the  portion  of  the  intrusion  which 
shows  distinct  spherulites  to  the  eye  there  are  small  areas  here 
and  there  in  which  we  can  discern  no  radiate  structure.  These 
areas  are  more  or  less  evenly  mixed  among  the  spherulites,  and 
are  perhaps  equal  to  the   spherulites  in  extent.      When   two 

•  This  rule  is  shown  excellently  in  the  trachytic  or  andesitic  dykes  of  Sleat, 
and  also  in  those  of  the  Cowal  district  of  Argyllshire.  See  "  Geology  of  Cowal,'' 
p.  169. 
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sphenilites  are  close  together  without  any  such  area  between 
them,  their  surface  of  contact  becomes  a  plane,  and  when  a 
spherulite  is  in  contact  with  other  spherulites  on  all  sides, — as 
is  the  case  quite  commonly, — all  the  side^  of  this  spherulite  are 
plane  surfaces,  and  they  have  polygonal  outlines.  When  a 
spherulite  is  l)oun(l  on  one  side  by  an  ai-ea  which  shows  no 
radiate  structure,  its  lK)undar}'  on  this  side  is  a  curved  surface, 
even  wliile  the  other  sides  which  abut  against  other  spheruUtes 
are  planes.  It  seems  probable,  therefore,  that  we  may  regard 
the  spherulites  with  plane  surfaces  as  having  been  forme<l  by 
the  growth  into  close  contact  of  forms  which  had  originally 
rounded  surfaces. 

The  sheet  is  crossed  by  joints  parallel  to  the  cooling  surfaces 
and  also  by  others  which  cut  the  rock  into  columns  perpendicular 
to  these  surfaces.  The  spherulites  are  crossed  by  both  these 
sets. 

A  specimen  which  was  taken  two  inches  below  the  top 
surface  of  the  sheet,  and  itself  showed  spherulitic  structure,  was 
determined,  by  Walker's  balance,  to  have  a  specific  gra\ity 
of  2*92,  and  another  specimen  gave  the  same  figure.  This 
high  density  indicates  a  thoroughly  basic  composition  for  the 
rock. 

Four  specimens  were  selected  for  closer  examination,  and 
thin  slices  were  prepared  from  them.     Three  of  the  specimens 

[7845,  7947,  7948]  are  dense  rocks 

of  very  dark  grey  or  almost  black 

colour  on  a  fresh  fracture,  but  with 

the  peculiar   sheen   resulting  from 

the  presence  of  innumerable  slender 

.  fibres.  Further  inspection  shows  that 

J  these  fibres  have  a  radiate  dispasi- 

tion  about  certain  centres,  forming 

spherulitic  growths  with  diameters 

ranging  from  IJ  to  3  inches.     The 

remaining  specimen   [7846],  taken 

nearer  to  the  surface  of  the  intrusion, 

is   rather   blacker  and   more   compact,  with   a   certain  lustre 

suggestive  of  some  amount  of  fresh   glassy  base.     Here  the 

spherulites  are  smaller,  ranging  from  i  to  J  inch  in  diameter. 

In  all  cases  the  spherulites  are  closely  crowded,  for  the  most 

part  impinging  upon  one  another,  though  one  specimen  shows 

small    interspaces    without    evident    radiate   structure.     The 

polygonal  outlines  of  the  spherulites,  resulting  from  the  manner 

in  which  they  are  crowded  together,  are  well  shown  on  the 

smooth-cut   faces   or   in   the   slices   as   held   up  to   the  light 

(fig.  !)• 
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The  first  three  slices  are  sufficiently  alike  to  be  described 
together.  They  are  seen  to  consist  to  a  large  extent  of  slender 
divergent  fibres  which  are  clear  and  colourless,  with  low 
interference-tints,  and  are  evidently  of  felspar.  From  some 
rather  wide  extinction-angles  measured,  it  seems  to  be  a  rather 
basic  labradorite,  but  the  overlapping  of  the  fibres  renders  any 
precise  optical  tests  difficult  of  application,  and  most  of  the 
extinction-angles  were  quite  low.  This  anomaly,  arising  from 
the  way  in  which  the  thin  nearly  parallel  fibres  overlie  one 
another  in  the  thickness  of  the  slice,  is  observed  in  other 
varioUtic  basalts.  Thus  in  the  Jalguba  rock,  already  referred 
to,  Lowinson-Lessing  ^  found  extinction-angles  up  to  5*  only, 
although  analyses  of  the  rock  prove  that  the  felspar  must  be  a 
labradorite.  A  like  inft^rence  might  be  drawn  in  our  own  case 
from  the  specific  gravity  of  the  rock. 

In  addition  to  the  felspar  which  forms  the  bulk  of  the  rock, 
the  slices  show  olivine,  augite,  magnetite,  and  some  interstitial 
matter.  Olivine  is  always  abundant  in  numerous  crystals  which 
range  from  002  to  '005  inch  or  more,  and,  though  minute,  are 
of  notably  greater  dimensions  than  the  thickness  of  the  felspar 
fibres.  They  interrupt  the  latter  in  such  a  fashion  as  to 
show  that  they  are  of  earlier  crystallization  than  the  spherulites, 
but  in  no  case  have  they  been  seen  to  serve  as  nuclei  for  the 
spherulitic  growths.  The  olivine  is  clear  and  colourless  except 
at  the  margin  of  each  crystal,  which  is  beginning  to  pass  into 
a  pale  green  serpentine.  This  change  seems  to  be  facilitated 
by  a  certain  structure  parallel  to  the  brachypinacoid,  often 
apparent  as  a  faint  striation  parallel  to  the  long  axis  of  a 
crystal-section. 

Augite  has  a  faint  yellow  tinge  in  the  slices.  In  those  parts 
where  the  felspar  is  in  thin  parallel  fibres  the  augite  occurs  in 
the  interspaces  between  the  fibres.  Sometimes  it  is  in  granules 
DO  longer  than  broad,  but  more  usually  it  is  in  pieces  of  con- 
siderable length,  fix)m  three  or  four  up  to  nine  or  ten  times 
as  long  as  the  distance  between  adjoining  fibres.  We  often  see 
four  or  five  adjoining  interspaces  occupied  by  augite  pieces 
which  are  similarly  oriented,  as  if  they  belonged  to  one 
individual  The  augite  seems,  therefore,  to  be  of  later  growth 
than  the  felspar  fibres,  and  to  be  of  the  ophitic  character  so 
common  in  the  intrusive  Tertiary  basalts  of  Scotland.  The 
ai"eas  in  which  the  augite  pieces  extinguish  simultaneously  vary 
considerably  in  size.  On  the  average  they  are  perhaps  about 
the  same  size  as  the  olivines,  but  are  more  variable  in  occur- 
rence. Not  imcommonly  there  are  various  augite  areas  with 
different  orientation  in  close  contact. 

1  Loe.  cU.  p.  292. 
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Magnetite  is  always  well  represented,  but  is  in  smaller 
crystals  than  the  olivines  or  augites.  It  is  partly  in  little 
octohedra,  some  of  which  lie  across  the  felspar  fibres,  but  in 
other  places  it  lies  between  these  fibres  in  pieces  which  have 
their  longest  sides  in  contact  with  them,  as  if  the  margins  of  the 
pieces  had  been  to  a  large  extent  determined  by  pre-existing 
fibres.     It  also  occurs  as  small  inclusions  in  the  augite. 

The  interstitial  matter  in  these  slices  is  not  in  large  quantity. 
In  the  interspaces  between  the  felspar  we  notice,  besides  the 
augite  and  the  magnetite,  various  spaces  which  are  crowded 
with  minute  doubly  refracting  particles  or  with  fibres  which 
seem  to  extinguish  parallel  with  their  length.  Some  of  the 
spaces  have  their  whole  area  taken  up  by  these  minute  fibres 
arranged  in  fan-shaped  aggregates,  and  perhaps  they  represent 
minute  vacuoles  of  irregular  shape  which  have  been  infilled 
with  chlorite.  In  other  spaces  we  notice  only  scattered  points 
or  strokes  of  light  in  rotating  under  crossed  Nicols,  and  there 
is  a  certain  amount  of  a  colourless  glassy  base  present.  There 
are  also  a  few  small  amygdules  of  chlorite,  or  of  chlorite  and 
calcite,  of  a  rude  spherical  form  and  often  about  -025  inch 
in  diameter.  The  felspar  fibres  near  these  show  no  indication 
of  disturbance. 

It  is  doubtful  whether  anything  other  than  spherulites  is 
shown  in  these  three  slices.  The  felspar  does  not  always 
appear  as  fibres.  There  are  parts  where  both  it  and  the 
augite  are  in  broader  pieces  without  any  clear  oixier  in  their 
arrangement,  and  w^here  the  augite  shows  less  numerous  inter- 
sections by  the  felspar.  These  parts  occur  in  thin  stripes 
between  the  parts  with  the  fibrous  felspar,  and  have  their 
greater  lengths  parallel  to  the  average  direction  of  the  felspar 
fibres  at  their  sides.  Also,  in  part  of  slice  7947,  in  one  of  the 
spherulites  which  has  been  cut  at  a  considerable  angle  to  its 
radial  lines,  the  felspar  fibres  appear  much  shorter  than  in  the 
other  spherulites  of  this  and  the  other  slices.  Taking  the 
appearances  together,  they  are  perhaps  best  explained  on  the 
supposition  that  the  felspar  is  to  some  extent  in  the  form  of 
thin  plates  with  their  greatest  lengths  diverging  from  tlie  centre 
to  the  edge  of  the  sphenilite,  but  with  their  broad  sides  often 
lying  at  considerable  angles  to  one  another.  When  the  plates 
are  cut  nearly  at  right  angles  to  their  broad  sides  we  get  the 
thinnest  fibres,  but  the  lengths  of  the  fibres  vary  according  as 
the  slice  is  cut  parallel  to  the  greater  lengths  of  the  plates  or 
not.  And  in  cases  where  the  plates  are  cut  nearly  parallel  to 
their  broad  sides  the  fibrous  appearance  of  the  felspar  is  lost 

The  remaining  sliced  specimen  (7846)  was  taken,  as  stated 
above,  from  a  spot  somewhat  nearer  the  surface  of  the  intrusion, 
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and  it  shows  features  in  some  respects  differing  from  those  of 
the  other  examples.  Glass  is  here  richly  present  and  is  of  a 
brown  colour  in  the  slice.  The  felspar  fibres  embedded  in  the 
glassy  base  are  not  so  broad  as  before  and  become  gradually 
more  slender  as  they  approach  the  surface  of  cooling.  The 
magnetite  specks  decrease  in  size  pari  passu  with  the  felspar. 
Olivine  is  present  as  abundantly  as  in  the  other  slices,  and  of 
dimensions  not  much  inferior;  but  here  the  crystals  are  of 
skeleton  form,  often  with  forked  extremities,  or  they  enclose 
relatively  large  glass-inclusions  with  a  regular  disposition  (fig.  2). 
Augite  is  distinguishable  in 
the  part  furthest  away  from 
this  surface  and  occurs  in  the 
same  way  as  in  the  other 
slices.  Nearer  to  the  surface 
the  rock  is  very  fine  in  grain 
and  also  more  opaque,  so  that 
the  different  constituents,  ex- 
cepting the  olivine  and  mag- 
netite, cannot  be  satisfactorily 
separated.  In  this  more  opaque  part  there  are,  however,  various 
clearer  spaces,  often  from  -01  to  '003  inch  diameter,  which  are 
occupied  by  growths  of  microlites  in  complicated  arborescent 
forms.  A  few  of  these  forms  are  seen  within  the  spherulitic 
area  and  interrupt  the  fibres  of  it  as  if  they  were  of  earlier 
formation  than  them. 

Another  observation  relates  to  the  direction  of  elongation  of 
the  olivine  crystallites.  A  large  number,  tested  with  a  mica- 
plate,  showed  that  the  length  of  the  section  always  coincides 
with  the  lesser  axis  of  the  ellipse  of  elasticity.  Assuming  then, 
what  seems  to  be  universally  the  case  in  olivine,  that 

a  =  y,         b  =  a,        c  =  fi, 

it  is  clear  that  these  crystallites  are  elongated  parallel  to  the 
a-axis.  This  has  been  noticed  before  in  olivine-ciystallites, 
«^.  by  Rinne^  in  the  lavas  of  Vesuvius.  In  the  kawaiian 
basalts,  on  the  other  hand,  Dana  *  found  the  crystallites  to  be 
greatly  elongated  in  the  direction  of  the  ^-axis.  In  slags, 
according  to  Vogt,*  the  common  habit  of  olivine  is  tabular,  the 
broad  faces  belonging  to  the  pinacoid,  b  (01 0).  In  such  minerals 
as  the  felspars  and  pyroxenes,  as  is  well  known,  the  general 
fule  is  that  the  crystallites  are  elongated  parallel  to  the  inter- 
section of  the  principal  cleavages :  perhaps  the  greater  variety 

iNeu.  Jahrb.  fUr  Min.  1891,  vol.  ii.  pp.  272-280. 
^Amer.  Jour.  Sci,y  vol.  xxxvii.  p.  447,  1889. 
^  Stvdier  <yotr  Slugger,  p.  47,  1884. 
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of  habit  exhibited  by  olivine  may  be  connected  with  the 
absence  of  any  very  strongly  pronounced  cleavages.  In  the 
first  three  slides  of  our  rock,  described  above,  the  olivine  seems 
to  have  the  forms  and  habit  represented  in  fig.  3,  A,  without 
any  very  marked  direction  of  elongation.  In  the  dide  now 
under  notice  we  have  the  same  forms,  but  with  elongation 
parallel  to  the  o-axis  (fig.  3,  B),  or  more  usually  with  such 
imperfect  development  as  is  roughly  shown  in  fig.  3,  C.  In 
some  of  the  little  cross-sections,  however,  it  is  seen  that  the 
form  b  is  represented  by  only  one  of  the  pair  of  faces.    This 


Fig.  3. 

hemimorphism  with  respect  to  the  b-axis  has  been  remarked 
also  by  Einne  and  others.  The  cross-shapes  due  to  interpene- 
trating twins  on  (Oil)  and  (120),  described  by  several  writers, 
we  have  not  observed  in  our  rock. 

Although  no  other  rock  has  been  found  in  Sleat  showing 
structures  comparable  with  those  of  the  Camas  Daraich  occur- 
rence on  the  same  scale  of  magnitude,  many  of  the  trachytic  or 
andesitic,  and  some  of  the  basaltic,  dykes  of  the  district  exhibit 
a  variolitic  tendency.  The  structure  is  usually  on  quite  a  small 
scale,  and  varies  from  mere  fan-like  and  sheaf-like  groupings  of 
felspar  fibres  to  complete  radiate  spherulites.  It  is  often  to  be 
noticed,  however,  that  the  development  of  the  structure  as 
revealed  in  thin  slices  is  much  less  perfect  than  might  be 
inferred  from  the  pronounced  spherulitic  appearance  of  ex- 
posed surfaces  in  the  field. 

FIGURES  IN  TEXT. 

Fig.  1.  Slice  7948,  twice  natural  size  (diagrammatic),  showing  portions  of 
three  spherulites  with  the  polygonal  boundaries  due  to  their  close  packing. 
The  lowest  of  the  three  is  cut  transversely  to  the  direction  of  the  fibres. 
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Fig.  2.  Skeleton-crystallites  of  olivine,  x  100  to  160  ;  slice  7846. 

Fig.  3.  Ciystallographic  habit  of  olivine ;  A,  in  the  general  body  of  the  rock  ; 

B,  in  the  more  glassy  variety;   C,  in  the  skeleton-crystallites  of  the 

latter. 

EXPLANATION  OF  PLATE  XXIII. 

Fig.  1,  [7845]  x  25,  Natural  Light.  This  illustrates  the  character  of  the 
general  body  of  the  rock.  The  figure  includes  only  a  small  part  of  one  of  the 
large  spherulites,  its  centre  being  well  outside  the  field,  so  that  the  radiate 
arran^ment  of  the  slender  felspar  fibres  which  form  so  large  an  clement  in  the 
rock  IS  scarcely  indicated.  The  olivine  appears  as  small,  clear  crystals  and 
crystal-grains,  showing  in  places  incipient  conversion  to  serpentine  at  the 
margin  of  a  crystal.  The  smaller  opaque  crystals  are  magnetite.  The  augite, 
which  forms  ophitic  granules  in  the  interstices  of  the  felspar  fibres,  becomes 
conspicuous  only  when  polarised  light  is  used.  A  glassy  residue  is  present  here 
only  in  small  amount,  and  is  not  apparent  in  the  figure. 
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LII. — Contributions  to  the  Petrology  of  the  Cheviot  HUls.    By 
Herbert  Kynaston,  B.A.,  F.G.S.    (Plates  XXTV  and  XXV.) 

(Read  2l8t  April  1890.) 

1.  Introduction. 

2.  The  Cheviot  Granite. 

3.  The  Dykes  and  Sills. 

4.  The  Eelations  between  the  Granite,  the  Dykes  and  the 

Andesites. 

1.  Introduction. — It  has  now  been  known  for  some  time  that 
the  Cheviot  district  constitutes  a  fairly  extensive  area  of 
andesitic  lava-flows  of  Lower  Old  Red  Sandstone  age,  sur- 
rounding an  inner  mass  of  augite-granite,  while  both  are 
traversed  by  a  large  number  of  associated  dykes  and  sills.  But 
until  the  English  side  of  the  Cheviots  was  mapped  for  the 
Geological  Survey  by  Mr  C.  T.  Clough,  not  very  much  detailed 
petrographical  work  had  been  done  amongst  the  igneous  rocks 
of  this  area  by  earlier  observers.  Before,  however,  the  Survey 
Memoir  was  completed,  Mr  J.  J.  H.  Teall  had  visited  the 
district,  and  published  the  results  of  his  obser^'^ations  in  a  series 
of  papers  in  the  Geological  Magazine}  The  principal  varieties 
of  the  contemporaneous  lavas  are  therein  fully  described,  and 
some  of  the  more  characteristic  types  of  the  granite ;  but  only 
one  type  of  the  more  acid  intrusives  is  noticed  in  any  detail. 

In  the  course  of  several  visits  to  the  Cheviots,  I  devoted 
special  attention  to  the  intrusive  rocks  of  the  district,  and  their 
relation  to  the  andesitic  lava-flows.  And  it  is  the  object  of  the 
present  paper  to  describe  certain  features  exhibited  by  the 
former,  which  do  not  yet  appear  to  have  been  previously 
noticed  in  this  district,  and  to  point  out  the  relationships 
between  the  various  types  of  igneous  rock  that  are  here  met 
with. 

I  would  take  this  opportunity  of  acknowledging  ray  in- 
debtedness to  the  detailed  and  careful  mapping  and  descrip- 
tions of  Mr  C.  T.  Clough,  while  examining  the  rocks  in  the  field. 
I  would  also  thank  Messrs  A.  Harker  and  J.  J.  H.  Teall  for 
valuable  hints  and  suggestions. 

2.  The  Cheviot  Granite. — The  Cheviot  Granite,  which  occupies 
the  central  and  more  elevated  portion  of  the  district,  was  first 

1  OeoL  Mag.,  Dec.  2,  vol.  x.  (1888),  pp.  100,  145,  252,  344  :  Choi.  Mag.,  Dec  8. 
vol.  ii.  (1885),  pp.  106-121. 
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examined  by  modem  petrological  methods  and  described,  by 
Mr.  J.  J.  H.  Teall,^  and  it  was  shown  by  him  that  the  normal 
U'pe  was  an  augite-biotite-granite,  possessing  strong  affinities 
to  the  augite-bearing  granitites  of  Laveline  and  Oberbruck  in 
the  Vosges,  described  by  Eosenbusch  and  Cohen.  The  augite 
was  shown  to  be  a  non-aluminous  iron-bearing  species  of  the 
diopside  type  (malacolite  of  Eosenbusch),  allied  to  that  of  the 
augite-syenite  of  Monzoni.  A  considerable  amount  of  varia- 
tion is  exhibited  in  the  mass,  both  in  texture,  structure,  and 
the  relative  proportion  of  the  different  constituents. 

The  normal  or  most  common  type  is  a  pale  pink  or  greyish 
granite  of  fairly  coarse  grain  and  usually  non-porphyritic,  con- 
taining a  soda-orthoclase  as  the  dominating  felspar.  Sometimes, 
however,  the  rock  becomes  finer-grained,  and,  owing  apparently 
to  an  increase  in  the  relative  proportion  of  the  ferro-magnesian 
constituents,  assumes  a  dark,  syenitic  or  dioritic  aspect.  This 
variety  is  especially  well  exposed  towards  the  margin  of  the 
main  mass,  in  the  neighbourhood  of  Linhope,  and  in  the  river 
Breamish  above  Linhope.  On  the  other  hand,  fine-grained 
varieties  often  occur,  also  towards  the  marginal  portions  of 
the  mass,  of  a  pinkish  or  flesh-coloured  tint,  in  which  the 
ferro-magnesian  element  plays  but  an  insignificant  part.  And 
lietween  these  two  extremes  every  gradation  may  be  found, 
showing  a  gradual  passage  from  the  one  to  the  other.  The 
dark  varieties  near  Linhope  appear  to  have  strong  affinities 
with  the  rocks  of  Markfield  and  Groby  in  Charnwood 
Forest;  hornblende,  however,  is  not  known  to  occur  as  an 
original  constituent  in  any  Cheviot  rock.  The  more  acid  fine- 
grained varieties  may  be  compared  with  the  well-known  augite- 
Ijeaiing  granophyres  of  Charnwood  Forest,  Carrock  Fell,  Craig- 
Craggen  in  Mufl,  and  those  of  the  Carlingford  district  and  the 
Moume  Mountains  in  Ireland,  etc.  In  the  Cheviot  district, 
then,  we  may  say  that  the  more  coarse-grained  type  occupies, 
as  a  rule,  the  more  central  part  of  the  granite  area,  about 
Staindrop  Eig,  Hedgehope,  Cheviot,  and  Comb  Fell,  while  the 
finer-grained  varieties,  whether  more,  or  less,  acid  than  the 
normal  type,  occur  mainly  towards  the  margin  of  the  mass. 

Some  of  these  finer-grained  varieties  are  occasionally  por- 
phyritic,  though  this  feature  is  not  conspicuous  or  by  any  means 
common. 

The  microscopic  examination  of  a  large  series  of  slides 
prepared  from  rocks  collected  in  different  parts  of  the  granite 
aiea  entirely  confirms  the  observations  already  made  by  Mr 
Teall,  and  also  brings  out  several  additional  points  of  interest. 

The  occurrence  of  augite  is  always  extremely  characteristic. 

1  TWrf.,  1885,  pp.  106-121. 
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When  fresh,  it  is  practically  colourless,  but  often  has  a  greyish 
(lusty  appearance,  owing  to  minute  inclusions,  or,  when  altered, 
it  may  be  converted  into  a  pale  green  slightly  pleochroic  fibnms 
amphibole  [29]  [33]  [35]  [44].  Further  decomposition  results 
in  the  production  of  pseudomorphs  of  chlorite  or  calcite.  Mr 
Teall  noticed  in  one  case  what  was  most  probably  a  rhombic 
pyroxene,^  and  this  observation  I  can  fully  confirm,  as  I  find 
a  pale  enstatite,  very  similar  to  that  so  characteristic  of  the 
andesites,  to  be  of  by  no  means  uncommon  occurrence  in  some 
of  the  granites,  especially  those  of  Staindrop  Eig,  linhope  and 
Dunmoor  Hill  [27]  [33]  [35]  [47a].  As  a  rule,  it  does  not  show 
any  definite  crystal  form,  but  occurs,  generally  in  association 
with  the  augite  phenocrysts,  as  more  or  less  irregular  patches. 
It  can  be  distinguished  from  the  augite  by  its  characteristic, 
though  faint,  pleochroism,  and  by  its  tendency  in  the  less  fresh 
examples  to  be  replaced  by  bastite-like  pseudomorphs. 

The  biotite  generally  occurs  as  i-ather  ragged  plates,  fre- 
(j[uently  in  association  with  the  pyroxene.  It  often  has  the 
appearance  of  having  been  subjected  to  a  certain  amount  of 
magmatic  corrosion,  having  a  ragged  edge,  which  is  often 
partially  surrounded  by  small  granules  of  magnetite  and 
pyroxene  [29]  [33]  [34],  Acccording  to  Eosenbusch,*  such 
corrosion  is  by  no  means  uncommon  in  porphyritic  rocks, 
in  which,  *'  if  the  older  biotite  has  been  subjected  to  magmatic 
corrosion,  it  is  surrounded,  like  basaltic  hornblende,  with  a  dark 
border,  which  consists  of  a  mixture  of  magnetite  and  augite." 
Under  the  action  of  decomposing  agencies  the  biotite  loses  its 
cliaracteristic  colour  and  becomes  greenish  and  chloritised  [31] 
[44],  etc. 

The  quartz  and  orthoclase  nearly  always  show  a  marked 
tendency  to  form  the  characteristic  intergrowth  known  as 
micropegmatite,  which  plays  the  role  of  groundmass.  In  the 
normal  type  of  granite  this  micropegmatite  is  of  a  relatively 
coarse  and  ill-defined  character,  but  in  the  finer-grained 
varieties  it  nearly  always  shows  the  fine  delicate  structure  so 
characteristic  of  the  typical  granophyres.  In  fact  the  ordinary 
and  coarser  type  of  granite  from  the  more  central  portion  of 
the  area  can  frequently  be  traced  into  granophyres  towanl? 
the  margin  of  the  mass,  while  similar  granophyric  types  are 
found  in  numerous  dykes  and  veins. 

The  constituent  minerals  of  these  granophyres  are  the  same, 
in  slightly  varying  proportions,  as  these  of  the  normal  granite, 

N.B. — The  numbers  in  square  brackets  throughout  this  paper  indicate  slides 
in  the  author's  collection. 

»  OtoL  Mag.,  1886,  p.  115. 

^  Rosenbusch  and  Iddings.  Microscop.  Physiog.  of  Rock-fonniiig  Mineral^ 
p.  260. 
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wiiile  they  usually  have  a  decidedly  porphyritic  aspect  owing 
U)  the  much  finer  texture  of  the  later-formed  portion.  They 
vary  from  a  pink  to  a  greyish  colour.  The  microscope  shows 
that  this  difference  is  due  to  the  fact  that  the  darker  varieties 
contain  a  larger  proportion  of  pyroxene  and  biotite  [61],  while 
the  pink  or  flesh-coloured  granophyres  show  nioro  felspar  and 
quartz.  There  is  no  sharp  line  of  demarcation,  however, 
between  the  two.  A  slide  from  one  of  the  more  acid  varieties 
from  the  river  Breamish  shows  [31]  much  poi-phyritic  plagio- 
clase  and  biotite,  of  which  the  latter,  however,  has  been  almost 
entirely  converted  into  chloritic  alteration  products.  Only  a 
very  little  augite  is  present,  and  that  much  decomposed.  The 
l^^round  mass  of  the  rock  consists  of  a  delicate  and  finely  inter- 
grown  micropegmatite,  which  is  often  associated  with  the 
porphyritic  felspars  in  the  characteristic  manner  so  frequently 
oljserved  in  granophyric  rocks. 

A  fairly  similar  well-marked  micrographic  variety  of  the 
normal  granite  occurs  in  the  bum  about  half  mile  west  of 
Dunmoor  Hill.  Under  the  microscope  [70]  porphyritic  ortho- 
clase  is  seen  to  be  present  in  almost  the  same  quantity  as  the 
plagioclase.  Augite  is  very  scarce,  and  much  decomposed. 
Tlie  biotite  is  chloritised  from  alteration,  and  occurs  in  fair- 
sized  plates.  The  greater  proportion  of  the  rock  consists  of  a 
micropegmatite  of  medium  textui-e,  playing  the  role  of  ground 
mass.  As  an  accessory  tourmaline  is  also  observed  in  irregular 
grains  and  crystal  groups,  and  longitudinal  sections  show  the 
characteristic  pleochroism,  pale  brown  passing  through  bluish- 
brown  to  a  deep  indigo. 

Towards  the  northern  portion  of  the  granite  area,  near  the 
head  of  Bazzle  Bum,  and  on  the  N.E.  side  of  Cheviot,  grano- 
phyres are  again  well  exposed.  A  hand  specimen  is  of  a  pink 
colour  and  moderately  fine-grained  in  ai)pearance,  and  shows 
prominent  hexagonal  plates  of  biotite,  often  of  a  greenish  colour 
from  decomposition.  Under  the  microscope  [60]  a  slide  shows 
a  few  fair-sized  phenocrysts  of  plagioclase,  and  long,  thin,  lath- 
shaped  sections  of  biotite,  sometimes  over  ^  inch  in  length, 
embedded  in  a  fine-grained  ground  mass,  consisting  of  small 
idiomorphic  plagioclase  crystals,  flakes  of  biotite,  (quartz  grains, 
and  micropegmatite.  Pyroxene  is  apparently  only  represented 
by  one  or  two  small  patches  of  greenish  decomposition  products. 
Tourmaline  occurs  here  also  in  irregular  crystalline  grains 
scattered  throughout  the  rock.  It  varies  in  colour  from  brown 
to  bluish  brown  and  dull  bluish  green,  and  shows  the  character- 
istic resorption  phenomena.  Tourmaline  is  also  found  in  the 
Cheviot  granites  in  considerable  quantity  in  certain  areas  where 
a  good  deal  of  faulting  has  taken  place,  especially  near  the 
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headwaters  of  Lambilen  and  Hawsen  Bums,  and  here  a  curious 
quartz- tourmaline  vein-rock  is  very  common,  in  which  the 
tourmaline  usually  occurs  as  acicular  microlites,  often  ag- 
gregated into  radiating  groups,  in  the  manner  so  characteristic 
in  Luxullianite.  In  such  rocks,  as  well  as  in  the  tourmaline- 
bearing  granophyres,  this  mineral  would  seem  to  be  of  secondary 
origin,  and  the  fact  of  its  occurring  in  greater  quantity  in  the 
neighbourhood  of  faults  would  seem  certainly  to  support  the 
idea  of  its  origin  being  connected,  as  is  supposed  to  be  the  case 
in  some  of  the  Cornish  granites,  with  exhalations  of  boracic 
and  fluoric  acids.  In  the  Cheviot  district,  with  the  exception 
of  the  areas  of  faulting  referred  to,  the  occurrence  of  tourmaline 
seems  to  be  limited  to  the  more  marginal  portions  of  the  granite 
mass,  and  this  is  also  the  case  in  the  tourmaline-bearing 
granites  of  Cornwall  and  Devon. 

Such  are  the  principal  varieties  of  rock  which  compose  the 
central  granitic  mass  of  this  district.  As  regards  the  chemical 
composition  of  the  Cheviot  granite,  Mr  Ivison  Macadam, 
F.R.S.  of  Edinburgh,  haa  kindly  analysed  for  me  specimens  of 
two  diflerent  varieties,  viz.,  the  normal  type  from  Staindrop 
Rig,  and  the  dark,  finer-grained  variety  from  near  Linhope, 
and  the  results  of  these  analyses  are  here  given : — 


I. 

II. 
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0-05 

CO2 
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0-03 

H2O 

0-16 

1-01 

99-88 

99-84 

Sp.  Gr.         2731   Sp.  6r.  2701 

I.  Fine-grained  dark  grey  granite.  Black  Lynn,  Linhope. 
II.  Fairly  coarse  granite,  Staindrop  Rig. 

One  sees  that  there  is  not  so  much  difference  between  these 
two  varieties,  as  one  would  at  first  be  led  to  expect  from  their 
appearance.  One  would  have  perhaps  expected  rather  a  lower 
silica  percentage  in  the  dark,  dioritic-looking  type,  which  I 
think  may  fairly  represent  the  least  acid  type  in  the  district. 
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Some  of  the  granophyres,  noticed  above,  are  doubtless  a  good 
(leal  more  acid  tlian  the  Staindrop  Rig  rock,  as  they  contain  far 
more  quartz  and  orthoclase,  and  in  many  cases  only  a  very  small 
amount  of  augite  and  biotite,  so  that  they  would  probably  show 
at  least  70  per  cent,  of  silica.  There  does  not,  therefore,  seem 
to  be  any  very  considerable  amount  of  variation  in  chemical 
composition  throughout  the  mass  of  the  Cheviot  granite, 
certainly  not  nearly  so  much  as  in  many  cases  described,  such, 
for  instance,  as  is  found  in  the  granitic  mass  of  Garabal  Hill 
and  Meall  Breac,  described  by  Dakyns  and  Teall.^ 

It  may  not  be  out  of  place  before  leaving  the  granite  to  refer 
briefly  to  ceitain  supposed  cases  of  a  gradual  passage  between 
the  augite-granite  and  the  surrounding  andesites.  Mr  Clough  in 
the  Survey  Memoir  on  the  English  side  of  the  Cheviot  district 
says^:  "  In  certain  places  near  the  margin  of  the  area  ....  the 
rock  (i.e.  the  granite)  is  dark  grey  or  brown  in  colour,  and  so 
finely  crystallised  that  it  is  hard  with  the  eye  to  separate  it 
from  the  darker  porphyrites.  Indeed,  one  could  not  help 
suspecting  that  they  occasionally  passed  into  one  another." 
But  if  we  are  to  regard  the  granite  as  intrusive  in  the  surround- 
ing andesites,  and  the  presence  in  these  latter  of  undoubted 
contact  metamorphism,  and  other  phenomena,  prove  distinctly 
that  this  is  the  case,  then  it  is  certainly  difficult  to  see  how  any 
gradual  passage  between  the  two  rocks  can  possibly  exist. 

In  one  locality,  viz.,  in  Broadstruther's  Burn,  a  short  way 
above  its  junction  with  Common  Burn,  the  granite  certainly 
does  appear  at  first  sight  to  pass  gradually  into  the  andesite,  as 
one  follows  the  section  exposed  down  the  burn.  The  granite, 
which  is  here  porphyritic,  gradually  becomes  dark  in  colour 
and  fine  grained,  as  one  approaches  the  andesite,  which  is  also 
of  a  dark  grey  colour,  and  assumes  a  somewhat  holocrystal- 
line  appearance  in  the  neighbourhood  of  the  granite.  The 
exposure  has  decidedly  the  appearance  of  a  gradual  passage 
to  the  naked  eye,  and  no  definite  line  of  junction  between  the 
two  rocks  can  be  detected.  However,  on  examininf^  under  the 
microscope  a  series  of  slides  [23],  [24],  [25],  [26a],  [26b],  the 
distinctive  characters  of  the  granitic  rock  on  the  one  hand, 
and  the  andesitic  on  the  other,  are  at  once  apparent.  And, 
what  is  more,  the  andesites  show  undoubted  signs  of  contact 
alteration,  which  would  at  once  negative  any  idea  of  a  true 
original  passage  between  them  and  the  granite.  It  is  the 
general  resemblance  in  the  colour  and  texture  of  the  two  rocks 
which  gives  the  appearance  of  a  gradual  transition  from  the  one 
to  the  other.     It  is  perhaps  possible  that  we  have  here  a  kind 

1  Quart.  Joum.  OeoL  Soc.,  1892,  p.  104. 

2  Mem.  Geol.  Survey  (Sh.  108  NE.),  p.  21. 
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of  blending  together  of  the  two  rocks  at  the  contact,  due  to  the 
margin  of  the  andesite  having  been  fused  as  the  granitic  magma 
was  intruded  into  it,  though  there  is  hardly  the  degree  of  altera- 
tion in  the  andesites  that  one  would  have  expected  if  such  a 
refusion  had  taken  place. 

On  the  whole,  my  own  observations,  both  in  the  field  and  with 
the  microscope,  lead  to  the  conclusion  that  all  so-called  passages 
in  this  district  between  the  granites  and  the  andesites  are  in 
reality  only  apparent,  and  constitute  contacts  between  an  intra- 
sive  rock,  on  the  one  hand,  and  a  contemporaneous  rock,  on 
the  other  hand,  of  an  extremely  intimate  character. 

We  may  now  briefly  sum  up  the  chief  points  that  are  brought 
out  by  a  study  of  the  Cheviot  granites.  Firstly,  we  may  notice 
the  recognition  of  an  enstatite-bearing  variety,  in  the  neighbour- 
hood of  Linhope,  Staindrop  Eig,  and  Dunmoor  HilL  The 
occurrence  of  enstatite  in  granitic  and  granophyric  rocks  con- 
taining quartz  and  orthoclase  has  been  occasionally  noticed  by 
previous  observers,  but  it  is  by  no  means  a  common  feature. 
According  to  Sir  Archibald  Gteikie,^  a  rock  fairly  similar  to  the 
normal  Cheviot  granite  has  been  noticed  by  Professor  James 
Geikie,  associated  with  the  Lower  Old  Red  Sandstone  volcanic 
rocks  of  the  east  of  Ayrshire.  And  another  variety,  mapped  by 
Mr  B.  N.  Peach,  occurs  in  the  Ochil  Hills,  above  Tillicoultry. 
*'  It  is  a  granophyric  quartz-diorite,  which  under  the  microscope 
is  seen  to  be  composed  of  short,  thick-set  prisms  of  plagioclase, 
with  abundant  granophyric  quartz,  a  pleochroic  hypersthene. 
and  needles  of  apatite." 

Then  we  have  the  enstatite-diorite  of  Penmaenmawr,  and 
the  coarser  varieties  of  the  whin  sill  of  Upper  Teesdale,  which 
frequently  consist  of  a  coarse  enstatite-dolerite,  in  which 
micropegmatite  plays  the  role  of  groundmass.  Mr  Alfred 
Barker  tells  me  that  enstatite-bearing  granites  occur  in  Norway 
and  Southern  India  ;  and  one  might  also  mention  in  this  con- 
nection certain  augite-bearing  quartz-porphyries,  which  contain 
a  rhombic  pyroxene,*  in  North  Saxony,  near  Leipzig. 

As  regards  the  felspar  of  the  Cheviot  granite,  we  sometimes 
find  plagioclase  predominating  over  orthoclase,  while  sometimes 
again  it  is  subordinate  ;  occasionally  both  may  be  present  in 
about  equal  proportions.  The  strong  tendency  to  the  granophyric 
structure  has  already  been  referred  to,  and  recalls  the  well- 
known  granophyres  of  Craig  Craggen  in  Mull,  Chamwood 
Forest,  the  Carlingford  district  and  the  Mourne  Mountains  in 
Ireland,  and  the  augite-bearing  granophyre  of  Carrock  Fell,  so 

1  Q,  J,  G.  iS'.,  voL  xlviii.  p.  77  (Anniv.  Address  of  Pres.). 

"  Ancient  Volcanoes  of  Great  Britain,"  vol.  i.  p.  277. 
'  Rosenbusch,  Massige  Gesteine,  p.  58. 
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ably  described  by  Mr  Harker.^  In  the  Cheviot  district  the 
granophyric  types  are  especially  noticeable  towards  the  marginal 
portions  of  the  main  mass.  Distinctly  porphyritic  varieties,  in 
which  plaf^oclase  is  the  dominating  phenocryst,  are  occasionally 
met  with  [28],  etc. 

I  have  not  come  across  any  undoubted  case  of  hornblende 
occurring  as  an  original  constituent  of  any  Cheviot  granite, 
though  a  slide  from  a  granite  boulder  from  this  district  in  tlie 
Survey  Collection  in  Jermyn  Street  shows  small  brown  crystals 
of  idiomorphic  hornblende  [1391].  The  occurrence  of  tour- 
maline, however,  near  the  margin  of  the  main  mass  and  in  small 
veins,  is  extremely  characteristic.  Its  presence,  too,  in  consider- 
able quantity,  in  the  neighbourhood  of  faults,  mi^'ht  possibly 
throw  some  light  on  its  mode  of  origin. 

Lastly,  the  presence  of  considerable  variation  in  the  relative 
proportion  of  the  diflerent  constituents  must  not  be  overlooked. 
This  variation  would  appear,  in  this  district,  to  be  a  marginal 
modification,  resulting  sometimes,  as  seen  near  Linhope,  in  a 
rather  less  acid  variety  than  the  normal  type,  and  sometimes,  on 
the  other  hand,  as  in  the  North  and  North-West  of  Cheviot,  in 
the  more  acid  and  finer-grained  granophyres.  So  that  the 
differentiation,  though  essentially  of  a  marginal  type,  is  by  no 
means  uniform  from  the  centre  to  the  margin  of  tlie  main  mass 
of  the  granite,  as,  for  instance,  has  been  shown  to  be  the  case 
with  the  Gabbro  of  Carrock  Fell.^  The  type  of  magmatic 
differentiation,  however,  which  is  illustrated  in  this  district,  I 
shall  discuss  more  fully  in  connection  with  the  relations  between 
ihe  granite,  the  dykes,  and  the  contemporaneous  lavas. 

3.  The  Dykes  and  Sills. — Among  the  numerous  dykes  and 
sills  which  are  found  intersecting  the  Cheviot  granite  and 
the  surrounding  lavas,  one  may  recognise  two  fairly  distinct 
types:  (1)  an  intermediate,  and  (2)  an  acid  type.  The  mode 
of  occurrence  of  most  of  these  dykes  and  sills  in  the  field  has 
been  well  described  by  Mr  Clough,^  and  the  microscopic 
characters  of  some  of  them  have  been  described  by  Mr  Teall  * 
and  Mr  Watts.^  A  considerable  number,  however,  have  as  yet 
remained  unnoticed  by  any  petrologist,  many  of  which  show 
various  additional  characteristics  to  those  already  recorded,  and 
which  are  well  worth  noticing.  I  propose,  therefore,  to  describe 
the  microscopical  charactei-s  of  some  of  the  more  interesting 
dykes  and  sills  that  I  have  examined  in  the  field,  and  shall  also 
endeavour  to  show  that,  in  examining  a  series  of  thin  sections 

^  Q.  J,  O.  /S'.,  1896,  p.  125  et.  sqq.  '  Q.  J.  G.  S.,  1894,  p.  811. 

*  Mem.  Geol.  Survey.     The  Cheviot  HiUs,  pp.  26-29. 

♦Teall,  OeoL  Mag.,  vol.  x.  pp.  255-257.     Brit.  Petrog.,  p.  281. 

*  Mem.  Geol.  Survey  (^  sheet  110  SW.),  Geology  of  part  of  Northumberland, 
p.  62. 
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prepared  from  dyke-rocks  occurring  in  diflferent  parts  of  the  dis- 
trict, one  will  come  across  varieties  which  constitute  connecting 
links,  or  transitional  types,  between  the  intermediate  and  the 
acid  type.     We  will  first  of  all  consider  the  intermediate  series. 

(1)  The  Intermediate  Type. — These  consist  mainly  of  Mim 
Porphyrites.  Before  describing  them,  however,  it  will  be  as 
well  to  explain,  as  nearly  as  possible,  the  exact  sense  in  which 
the  term  "Porphyrite"  is  here  used.  If  we  employ  the  term 
"  Porphyrite,"  as  it  has  been  so  frequently  used  in  petrographical 
literature,  to  signify  a  more  or  less  altered  (decomposed)  rock, 
showing  in  other  respects  the  characters  and  structure  of  an 
andesite,  we  cannot  draw  any  petrologicaJ  distinction  be- 
tween the  dyke-modification  of  the  aiidesitic  magma  and  the 
corresponding  lavas.  I  propose  then  in  what  follows  to  employ 
the  term  '*  Porphyrite  "  in  the  same  sense  in  which  it  is  used  by 
Mr  J.  J.  H.  Teall  in  describing  some  of  the  dykes  associated 
with  the  Crififel  and  Dalbeattie  granites,^  that  is  to  say,  as 
referring  to  a  porphyritic  rock,  usually  constituting  dykes  and 
sills,  in  which  plagioclase  is  the  predominating  felspar,  and 
which  may  be  said  to  bear  "  the  same  relation  to  the  andesites 
that  the  porphyries  do  to  the  liparites."  The  only  difference 
between  the  Cheviot  porphyrites  and  those  above  referi-ed  to, 
as  described  by  Mr  Teall,  is  that  the  former  belong  rather  to 
the  class  of  pyroxene-porphyrites,  while  the  latter  would  be 
classed  as  hornblende-porphyrites. 

We  find,  then,  that  in  the  area  under  consideration  the  dykes 
and  sills  constituting  the  intermediate  type  are  composed  of 
porphyritic  rocks  with  a  groundmass  more  or  less  compact 
to  the  unaided  eye.  The  rocks  vary  in  colour  from  a  dark 
grey,  when  fairly  fresh,  through  various  shades  of  purple  to 
a  brick-red,  when  decomposed.  The  phenocrysts  consist  of 
plagioclase,  biotite,  and  augite ;  enstatite,  of  a  similar  type  U) 
that  of  the  enstatite-andesites  has  occasionally  been  noted, 
as  well  as  small  grains  of  quartz.  Orthoclase  is  sometimes 
present,  but  is  always  subordinate  to  plagioclase.  A  consider- 
able variation  is  noticeable  in  the  relative  proportion  of  the 
phenocrysts  to  the  ground  mass,  and  this  I  believe  is  a  common 
character  in  all  rocks  of  this  class. 

To  take  a  few  examples.  At  a  bend  in  the  Carey  Bum, 
near  Wooler,  and  a  short  way  below  the  junction  of  the  Common 
and  Broadstruther's  burns,  a  purplish  porphyrite  occurs  as  a 
i'airly  larg*^.  intrusive  mass.  It  may  possibly  represent  a  neck, 
or  perhaps  an  intrusion  of  the  laccolitic  type.  Under  the 
microscope  [16],  one  sees  fairly  numerous  crystals  of  plagioclase, 
(probably  oligoclase),  and  plates  of  biotite.  The  biotite  is  fairly 
^  Mem.  Geol.  Survey,  Scotland,  sheet  5  (1896),  p.  44. 
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fresh,  though  commencing  alteration  is  frequently  shown  at  the 
edges  of  the  phenocrysts  and  running  in  along  the  cleavage 
cracks.  Pyroxene,  in  crystalline  gi-ains,  was  evidently  present 
in  the  fresh  rock,  though  in  no  great  quantity,  but  it  is  now 
only  represented  by  chloritic  and  calcareous  alteration  products. 
A  few  small  grains  of  quartz  are  also  present.  The  ground  mass 
consists  of  a  microcrystalline  aggregate  of  small  crystals  of 
plagioclase,  flakes  of  chloritised  biotite,  orthoclase  and  quartz. 
Magnetite  and  apatite  are  both  fairly  abundant  as  accessories, 
and  both  are  common  as  inclusions  in  the  phenocrysts. 

In  the  Common  Burn,  especially  in  the  neighbourhood  of 
Common  Burn  House,  several  dykes  of  porphyrite  are  exposed 
Their  groundmass  varies  in  structure  almost  from  a  confusedly 
cryptocrystalline  [64]  to  the  microgranitic  [66],  Small  quartz 
grains  resembling  those  of  the  quartz-porphyries  are  sometimes 
present,  and  are  generally  corroded. 

The  plagioclase  phenocrysts  are  much  decomposed  and  show 
micaceous  alteration  products.  The  biotite  is  generally  entirely 
converted  into  chlorite,  and  a  fair  amount  of  pyroxene  is  present. 
A  few  greenish  and  fibrous  pseudomorphs  [6(5]  appear  to  repre- 
sent enstatite.  Sometimes  the  augite  appears  fresh  and  almost 
colourless, and  shows  well-defined  crystal  outline  [27],and  bastite- 
like  pseudomorphs  after  enstatite  are  clearly  recognisable  [27]. 

In  the  valley  of  the  Breamish  an  intrusive  biotite-porphyrite 
is  well  exposed  just  below  Linhope  House.  Augite,  in  a 
uralitised  condition,  is  fairly  plentiful  [67],  [68].  Grains  of 
quartz  occur,  occasionally  intergrown  with  orthoclase  so  as  to 
form  a  porphyritic  aggregate  of  micropegmatite  [68].  In  the 
ground  mass  again  we  find  a  very  fine  delicate  type  of  micro- 
pegmatite,  representing  the  final  phase  of  crystallisation  from 
the  mother  -  liquor.  We  thus  get  two  phases  during  which 
micropegmatite  was  formed.  Besides  the  phenocrysts  of  inter- 
grown quartz  and  orthoclase  simple  porphyritic  crystals  of  both 
minerals  also  occur.  Another  rock,  which  occurs  as  a  dyke 
in  the  granite  on  the  S.  side  of  Dunmoor  Hill,  near  Linhope, 
shows  this  feature  rather  better.  The  rock  contains  [15a,  15b, 
46]  phenocrysts  of  plagioclase,  biotite,  augite,  and  occasionally 
enstatite  may  also  be  observed.  Towards  the  margin  of  the 
dyke  numerous  phenocrysts  of  micropegmatite  occur.  In  many 
pomts  these  structures  closely  resemble  the  granophyre  groups 
described  by  Iddings  ^  from  the  rhyolitic  rocks  of  Obsidian  Cliff, 
and  Eureka,  Nevada.  In  the  Cheviot  slides,  however,  especially 
in  some  of  the  quartz-felsites  to  be  described,  they  are  consider- 
ably larger  and  show  a  coarser  intergrowth  of  the  two  minerals. 
In  the  rhyolite  from  Eureka  quartz  has  been  intergrown  with 
^  Seventh  Annnal  Report  (1886)  U.S.  Geol.  Survey,  p.  275. 
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felspar,  and  is  also  enclosed  within  it,  so  that  the  felspar  crystals 
retain  their  characteristic  outline.  Hence  the  fomi  of  the 
phenociyst  is  determined  hj  the  felspar,  and  shows  that  it 
continued  to  crystallise  out  after  the  quartz  had  ceased.  Mr 
Cowper  Reed  ^  describes  similar  granophyre  groups  in  felsitic 
lavas  from  Goodwick,  near  Fishguard,  and  Mr  Reed  was  godd 
enough  to  allow  me  to  compare  his  slides  with  my  Cheviot 
examples.  In  the  Goodwick  rocks  the  outline  of  the  granophyre 
groups  is  more  usually  determined  by  the  quartz,  not  by  the  lei- 
spar,  so  that  the  marginal  portion  consists  of  a  series  of  wedge-hke 
protrusions  of  quartz,  which  more  or  less  completely  encloses  the 
felspar.  The  outline  in  section  of  such  a  group  will  coiTespond 
to  that  of  one,  or  more  commonly  a  group  of,  quartz  crystals. 

In  all  the  examples  that  I  have  seen  from  the  Cheviots,  how- 
ever, the  form  of  the  group  is  usually  determined  exjually  by 
both  minerals,  so  that  the  outline  is  that  of  a  porphyritic  aggre- 
gate of  felspar  and  quartz,  each  mineral  being  idiomorphic  along 
the  outer  margin  of  the  group. 

We  thus  have  a  porphyritic  individual  or  phenocrj'st  con- 
sisting of  a  micrographic  intergrowth  of  quartz  and  orthoclase, 
the  external  contour  of  which  may  be  determined  by  either  the 
quartz  or  the  felspar,  according  to  whichever  continued  to 
crystallise  out  after  the  other,  or  it  may  be  determined  by  both 
minerals  equally,  in  which  case  both  probably  ceased  to  crystal- 
lise out  about  the  same  time. 

Plagioclase  occasionally  occurs  in  association  with  these 
groups,  but  it  does  not  appear  to  be  intergrown  with  the  quartz. 
Possibly,  as  in  the  example  described  by  Iddings  from  Eureka, 
Nevada,  the  quartz  and  orthoclase  crystallised  out  about  the 
plagioclase  as  a  kind  of  nucleus. 

There  is  no  doul)t  that  these  groups  constitute  distinct 
porphyritic  elements  and  are  indigenous  to  the  rock  in  which 
they  occur.  They  are  always  sharply  and  distinctly  separated 
off  from  the  ground  mass,  and  are  generally  bounded  by  crj'stal 
outlines,  as  I  have  already  pointed  out;  so  that  there  is  n*) 
possibility  of  confusing  them  with  the  micropegmatite,  which 
constitutes  such  a  well-known  feature  of  the  groundmass  of 
many  granitic  rocks.  They  belong  undoubtedly  to  the  earlier 
or  plutonic  phase  of  consolidation  of  the  magma,  the  con- 
ditions of  which  were  suddenly  interrupted  on  the  injection 
of  a  portion  of  this  magma  into  a  fissure  to  form  a  dyke.  If 
this  consolidation  could  have  been  continued  unchecked,  in  all 
probability  a  rock  would  have  been  formed  closely  resembling 
the  normal  finer-grained  granites  of  the  district,  in  which  a  five 
intercrystallisation  of  quartz  and  felspar  is  a  common  feature. 
1  Q.  J.  O,  S.,  voL  U.  (1895),  p.  162,  pi.  vi.,  figs.  8,  4,  and  h. 
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Micrographic  structures,  essentially  similar  to  the  above,  have 
been  described  and  figured  by  Professor  Judd  ^  from  the  Isle  of 
Skye.  He  regarded  them,  however,  as  representing  remnants 
of  derived  fragments  of  granophyre,  which  had  been  caught  up 
by  the  Gabbro  and  refused,  the  "granophyre  groups*'  being 
those  portions  which  had  escaped  refusion.  It  was,  however, 
conclusively  shown  by  Sir  Arch.  Geikie^  that  the  rock  in 
which  these  structures  occur  is  to  be  regarded  as  constituting 
small  dykes  and  veins  of  spherulitic  felsite  traversing  the 
Gabbro,  and  not  as  partially  refused  fragments.  .It  is  in- 
teresting to  find,  therefore,  that  the  petrological  evidence  of 
these  granophyre  groups  strongly  confirms  Sir  Archibald's 
conclusions.  They  occur  in  a  felsitic  rock  possessing  the  type 
of  ground  mass  commonly  known  as  the  '*  pseudospherulitic," 
and  they  are  usually  found  in  the  nuclei  of  the  pseudo- 
spherulites,  or  in  other  words,  the  matrix  behaves  with  respect 
to  these  groups  in  exactly  the  same  characteristic  manner  as 
this  type  of  ground  mass  behaves  with  regard  to  phenocrysts  of 
felspar  and  quartz  in  so  many  felsitic  and  granophyric  rocks. 
They  constitute  in  fact  normal  porphyritic  groups  in  a  felsitic 
rock  of  by  no  means  uncommon  type.  And  from  the  compara- 
tive frequency  with  which  these  structures  occur  in  the  dyke  rocks 
of  the  Cheviot  district  and  of  other  areas,  and  from  other  facts 
already  noticed,  we  may  infer  that  they  are  decidedly  original 
and  unaltered  structures  characteristic  of  the  quartz-felsites  and 
allied  rocks,  more  especially  of  the  granophyric  varieties. 

The  rock  from  Dunmoor  Hill,  in  which  these  granophyre 
groups  occur,  was  analysed  for  me  by  Mr  Ivison  Macadam, 
F.RS.E.,  etc.,  with  the  following  result : — 
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The  extraordinary  high  percentage  of  the  soda  makes  it 
difficult  to  doubt  that  this  is  not  largely  overestimated.  With 
this  exception  the  analysis  resembles  on  the  whole  those  of 
the  augite-andesites  of  the  same  district  described  by  Teall/ 
the  alumina  percentage  being  perhaps  in  our  dyke-rock  rather 
higher. 

I  have  now  described  the  main  petrological  features  of  the 
dyke-rocks  of  the  intermediate  or  porphyrite  type.  The 
occurrence  of  enstatite  in  some  of  these  rocks  is  worthy  of 
note,  and  serves  to  show  the  relations  between  them  and  the 
augite-granites  on  the  one  hand,  and  the  andesitic  lavas  on 
the  other.  Another  mineral  of  interest,  which  I  have  also 
noticed  in  several  specimens  of  the  andesites,  is  a  bluish 
and  violet  apatite,  doubtless  similar  to  that  described  recently 
in  the  Transactions  of  this  Society,  by  Dr  Flett,  in  an  andesite 
from  the  Ochils.^  This  is  well  shown  in  the  Dunmoor  Hill 
dyke,  occurring  in  short  stumpy  prisms,  and  showing  a  distinct 
pleochroism. 

The  variation  in  the  relative  proportion  of  the  different 
constituents  is  well  marked  in  these  rocks.  Thus  while  biotite, 
among  the  ferromagnesian  constituents  largely  predominates 
throughout,  the  proportion  of  augite  and  felspar  varies  con- 
siderably. Some  may  be  classed  as  fairly  typical  augite- 
bearing  biotite -porphyrites.  In  others  again  we  find  the 
proportion  of  feiTomagnesian  minerals,  especially  the  augite, 
becoming  smaller,  while  quartz  and  orthoclase  make  their 
appearance  among  the  porphyritic;  and  these  latter,  as  we 
have  seen,  may  occasionally  be  intergrown,  to  form  the  grano- 
phyre  groups.  These  latter  varieties  would  appear  to  con- 
stitute connecting  links  between  the  porphyrites  and  the 
quartz-porphyries.  The  groundmass  is  usually  of  the  mici-o- 
crystalline  type,  consisting  mainly  of  quartz  and  felspar.  This 
will  pass  into  the  cryptocrystalline,  or  at  times  it  will  approach 
the  micropoikilitic  [15],  while  in  others  again  the  groundmass 
might  be  described  by  Mr  Harker's  term  '  cryptographic/ '  an 
extremely  minute  micropegmatitic  growth  appearing  to  fill  up 
the  interspaces  between  the  last  formed  minerals  [11],  [19],  [92]. 

Add  Type, — This  type  of  dyke-rock  in  the  Cheviot  district 
comprises  two  fairly  well-marked  species,  which,  however,  are 
closely  related  through  intermediate  varieties. 

Almost  all  the  rocks  belong  to  the  quartz-felsites,  but  for  the 
sake  of  convenience  we  may  divide  them  into  (a)  those  without 
micropegmatite,  corresponding  to  the  felsophyres  of  Vogelsang, 

1  Geol.  Mag.,  1883,  p.  107,  and  1885,  p.  118. 

2  Trans.  Geol.  Soc.,  Edin.,  vol.  vii.  p.  292. 

3  See  Q.J.G.S.,  vol.  li.,  1895,  p.  129. 
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and  (6)  those  with  micropegmatite,  corresponding  to  the  grano- 
phyres  of  Eosenbusch.  We  will  notice  those  of  the  felsophyre 
class  first.  In  the  Alwinton  district  a  well-defined  dyke  occurs 
in  the  Usway  Bum  nearly  a  mile  above  its  junction  with  the 
Coquet.  From  this  point  it  runs  nearly  due  south-west  and 
is  exposed  in  the  Coquet  a  quarter  of  a  mile  above  Shillmoor,  and 
again  in  the  Eidlees  Bum,  east  of  Quickening  Coat.  This  rock 
has  been  well  described  by  Mr  Teall.^  I  will  here,  however,  briefly 
notice  some  of  its  more  important  characters,  as  I  consider  that 
it  shows  relationships  to  some  of  the  more  acid  varieties  of  the 
quartz-bearing  biotite-porphyrites,  such  as  the  dyke  from  near 
linhope  House  [68],  already  described  above.  Under  the 
microscope  [55],  [56],  [57],  [58]  biotite  is  at  once  seen  to  be  the 
most  important  mineral.  It  occurs  in  numerous  small  hexa- 
gonal tablets  and  elongated  rectangular  flakes.  Quartz  is  fairly 
plentiful  and  generally  occurs  as  irregular  corroded  crystalline 
grains,  but  occasionally  shows  crystalline  outline.  The  felspar 
consists  of  two  varieties,  lath-shaped  individuals,  which  are  of 
the  same  colour  as  the  groundmass  from  alteration,  and  which 
can  be  recognised  as  plagioclase,  and  clear  individuals  of  a 
tabular  habit,  but  often  more  or  less  corroded,  and  showing 
Carlsbad  twinning.  These  latter  appear  to  be  sanidiue,  and  are 
well  shown  in  the  rock  from  Eidlees  Bum  [57].  The  ground 
mass  varies  from  micro-  to  crypto-crystalline.  Another  dyke  of 
the  same  character  occurs  in  the  Lambden  Burn,  near  Golds- 
cleugh.  These  rocks  may  be  termed  biotite-quartz-felsites, 
and  resemble  in  many  respects  the  mica-bearing  quartz-por- 
phyries described  by  Messrs  Marr  and  Harker  from  the  Shap 
district.^  The  same  authors  also  mention  sanidine  as  occurring 
in  some  of  the  dykes  of  that  district. 

At  Low  Bleakhope  we  find  another  rock  which  forms  a 
connecting  link  between  the  porphyrites  and  the  quartz-felsites, 
and  it  is  difficult  to  say  to  which  class  it  should  be  assigned. 
Under  the  microscope  irregularly  shaped  and  much  corroded 
quartz  grains  are  seen  of  the  usual  quartz-felsite  type.  Both 
plagioclase  and  orthoclase  occur ;  biotite  and  chloritic  pseudo- 
morphs  after  pyroxene  are  present  in  a  proportion  almost 
equal  to  that  of  the  quartz  [101],  [102],  [103].  The  ground 
mass  is  microcrystalline  and  resembles  that  of  many  of  the 
raica-porphyrites,  and  consists  of  small  lath-shaped  plagioclases, 
orthoclase,  quartz,  magnetite  granules,  and  chlorite  alteration 
products.  The  margin  of  the  dyke  has  a  slightly  fresher  ap- 
pearance and  shows  excellent  fluxion  structure. 

The  remaining  dyke-rocks  which  I  have  classed  with  the 

*  Qeol,  Mag.,  Dec.  8,  vol.  ii.  (1885),  p.  107.     British  Petrography,  p.  348. 
^Q.J.G.S.,  vol.  xlvii.  p.  285. 
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felsophyre  type,  do  not  call  for  any  special  descriptioiL  Tliev 
are  mostly  normal  quartz-poriJiyries  of  the  type  so  common  in 
granitic  regions.  As  a  iiile  both  orthoclase  and  plagioclase  are 
l)resent,  the  former  being  frequently  the  dominant  felspar. 
(Occasionally,  when  a  comparatively  small  amount  of  quartz  is 
present,  and  orthoclase  is  in  excess  of  the  plagioclase,  we  may 
get  an  orthoclase-porphyry  or  orthophyre,  such  as  has  l)eeii 
(lescribed  by  Mr  Watts,  from  the  northern  jwrtion  of  the 
(Cheviot  area.^  The  proportion  of  biotite,  too,  varies  coii- 
siderably  in  the  different  slides  I  have  examined  [o3],  [54], 
[100]. 

There  cannot  be  said  to  be  any  sharp  line  of  difference? 
l^etween  the  felsophyre  type  and  the  granophyric.  A  dis- 
tinction l)a8ed  merely  on  difference  of  texture  in  the 
groundniass  of  unaltered  rocks  can  only  depend  upon  slightly 
varying  conditions  of  consolidation.  For  we  may  occasionally 
find  the  two  types  of  groundmass,  the  microgi^aphic  and  the 
microcrystalline,  together  in  the  same  slide  [50],  or  again  the 
central  portion  of  a  dyke  may  show  the  micrographic,  while  the 
margin  will  show  the  microcrystalline  [97],  [98],  [99],  It  will 
be  sufficient  therefore  to  notice  the  more  interesting  points  in 
connection  with  the  remaining  dyke-rocks,  which  I  have  placed 
provisionally  in  the  granophyre  class.  Plagioclase  generally 
occurs  in  addition  to  orthoclase,  but  is  usually  subordinate  U) 
it,  though  in  one  or  two  slides  the  porphyritic  felspars  are 
mainly  plagioclase  [89],  [20].  Biotite  is  usually  present, 
occasionally  in  very  elongated  strips  and  flakes.  Sometimes  it 
is  almost  entirely  al)sent  [62],  [90].  In  decomposed  specimens 
it  is  wholly  or  partially  replaced  by  chloritic  alteration  products. 
Pyroxene  is  rare,  but  occasionally  makes  its  appearance,  some- 
times as  phenocrysts,  generally  showing  more  or  less  alteraticni 
[20],  [89],  or  as  small  grains  in  the  groundmass  [95],  [70].  A 
few  small  grains  of  brown  tourmaline  now  and  then  occur  as 
an  accessory  [100],  [95],  [70]. 

But  the  most  interesting  feature  of  these  rocks  is  the  fiiJ- 
quent  occurrence  of  the  granophyre  groups,  which  have  already 
been  noticed  above  as  occurring  in  one  of  the  porphyritcs. 
But  in  the  rocks  under  consideration  we  not  only  have  micro- 
graphic  quartz  and  felspar  constituting  phenocrysts  .of  the 
earlier  phase  of  consolidation  in  the  form  of  granophyre  groups, 
but  we  again  have  an  extensive  development  of  micropegmatite 
of  varying  texture  constituting  the  later  phase  of  consolidation 
of  the  magma  in  the  ground  mass.  Two  or  three  dykes  showing 
this  feature  occur  about  |  mile  below  Low  Bleakhope  on  the 

1  Mem.  Geol.  Survey.  [Sheet  110  SW.]  Geology  of  part  of  Northumberland. 
Petrological  Notes  ^y  W.  W.  Watta,  p.  62. 
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river  Breamish.  Porphyritic  quartz  is  seen  to  occur  inde- 
pendently, besides  taking  part  in  the  formation  of  the  por- 
phyritic micropegmatite  [51],  [62].  Sometimes  a  section  of 
one  of  these  groups  has  the  appearance  of  one  or  more  felspar 
crystals,  containing  a  number  of  separate,  more  or  less 
triangular-shaped,  inclusions  of  quartz,  which  are  in  optical 
continuity,  or  sometimes  the  inclusions  of  quartz  may  ex- 
tinguish in  separate  groups,  when  rotated  between  crossed 
nicols.  Or  again  a  section  may  show  irregular  strips  and 
patches  of  felspar  included  in  the  quartz.  The  intergrowth 
constitutes  a  rather  coarse  irregular  type  of  micropegmatite, 
and  can  be  frequently  seen  to  be  associated  with  a  crystal  of 
plagioclase.  It  forms  genuine  porphyritic  groups  sharply 
marked  off  from  the  surrounding  groundmass.  And  this 
ground  mass  again  is  of  the  finely  micrographic  type,  and  con- 
stitutes a  delicate  feathery  or  plumose  variety  of  micropeg- 
matite, of  a  much  finer  type  than  that  forming  the  groups, 
and  fills  up  the  interspaces  between  the  last  formed  crystals. 
Biotite  is  rather  scarce  in  these  rocks,  and  there  seems  to  be  no 
sign  of  any  pyroxene,  and  only  very  little  magnetite. 

Evidently  we  have  here  a  group  of  distinctly  acid  rocks  con- 
sisting for  the  most  part  of  orthoclase  and  quartz,  and  in  which 
micropegmatite  has  been  fonned  at  two  distinct  periods.  We 
have  been  accustomed  to  regard  niicTOpegmatite  as  representing 
the  very  final  phase  of  consolidation  of  a  mauma ;  but  we  have 
very  clear  evidence  in  these  rocks  that  micropegmatite  can 
belong,  not  only  to  the  final  pliase,  but  also  to  a  comparatively 
early  phase  of  consolidation.  Thus  after  magnetite,  biotite  was 
the  first  mineral  to  crystallise  out  of  the  magma,  and  it  was 
followed  piesumably  by  plagioclase.  Then  apparently  ortho- 
clase and  quartz  crystallised  out  at  the  same  time,  either  to 
form  independent  idiomorphic  crystals,  or  to  form  an  inter- 
growth in  association  with  the  already  formed  phenocrysts  of 
plagioclase,  thus  constituting  the  granophyre  groups.  At  this 
stage,  however,  crystallisation  under  plu tonic  or  intratelluric 
conditions  suddenly  ceased,  a  portion  of  the  magma  was  forced 
into  a  fissure,  and  under  these  new  conditions  of  consolidation 
occurred  the  second  formation  of  micropegmatite  to  constitute 
the  groundmass  of  the  dyke,  and  this  was  naturally  of  a  variety 
far  finer  in  texture  than  that  already  formed,  owing  to  the 
greater  rapidity  in  cooling  which  ensued  during  the  fissure- 
phase. 

As  to  the  exact  conditions  necessary  for  the  formation  of 
micropegmatite,  we  cannot  in  the  present  state  of  our  know- 
ledge make  any  definite  statement.  If  we  are  to  regard  micro- 
pegmatite as  an  eutectic  compound,  it  seems  evident  that  such 
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a  compound  can  be  formed  by  quartz  and  felspar  only  under 
certain  conditions  of  which  we  are  ignorant.  Otherwise  we 
should  expect  to  find  micropegmatite  in  the  ground  mass  of  any 
rock  in  which  the  mother  liquor  had  the  chemical  composition 
of  quartz  and  orthoclase,  and  we  know  that  this  is  not  the  case 
from  the  frequent  occurrence  in  granitic  rocks  of  insteretitial 
quartz  and  felspar,  in  which  the  crystallisation  of  either  mineral 
may  precede  the  other.  If,  however,  a  eutectic  compound  is 
invariably  formed  in  such  a  mother  liquor,  it  is  evident  that 
it  cannot  always  give  rise  to  the  micrographic  structure  without 
the  concurrence  of  particular  physical  conditions.  In  many 
cases  in  the  so-called  microgranitic  groundmass  there  may  be 
a  certain  amount  of  simultaneous  crj'stallisation  without  the 
occurrence  of  typical  micropegmatite  or  its  allied  structures. 

It  is  very  clear  that  in  the  rocks  under  consideration  the 
physical  conditions  of  consolidation  strongly  favoured  the 
formation  of  the  granophyric  structure,  and  from  the  frequent 
occurrence  of  the  granophyre  groups  in  the  porphyritic  rocks  we 
may  further  conclude  that  these  conditions  were  present  during 
both  phases  of  consolidation. 

The  micropegmatite  of  the  second  generation  (or  second 
period  of  consolidation)  may  be  aptly  compared  with  that 
described  by  Mr  Harker  in  his  paper  on  the  Granophyre  of 
Carrock  Fell.^  The  granophyric  structure  in  this  rock,  to  use  the 
author's  own  words,  "  exhibits  various  stages  of  gratlation  from 
a  coarse  and  irregular  micropegmatite  to  spherulitic  intergrowths 
of  a  delicacy  surpassing  the  resolving  power  of  the  microscope." 
In  the  Cheviot  rocks,  however,  I  have  not  noticed  any  marked 
tendency  to  the  centric  or  radiate  arrangements.  One  may 
observe,  however,  almost  every  gradation  between  a  fairly  coarse 
and  ill-defined  intergrowth  to  what  might  be  called  '  crypto- 
pegmatite,'  or,  to  use  Mr  Barker's  term,  the  'cryptographic* 
structure  [(52],  [100]. 

Small  veins  and  bands  of  more  acid  material  are  very 
numerous  in  the  Cheviot  granite,  and  are  especially  well  seen 
in  linhope  Burn  and  in  the  river  Breamish.  At  Linhope 
Spout,  for  instance,  two  or  three  small  bands,  less  than  a  foot 
in  breadth,  traverse  the  granite  just  at  the  top  of  the  waterfall 
Mr  Clough,  in  connection  with  these  and  other  similar  exposures, 
says  * : — "  In  some  cases  they  may  be  contemporaneous  veins 
rather  than  intrusions,  and  Mr  Teall  is  inclined  to  hold  this 
view  in  respect  to  the  quartz-felsite  bands  at  linhope  Spout 
On  the  other  hand,  the  sides  of  some  of  them  are  distinctly 
finer-grained  than  the  interiors,  as  if  they  had  been  chilled  by 

1  Q.J.G.S.,  vol.  li.  (1895),  p.  127. 

«  Mem.  Geol.  Survey  (The  Cheviot  Hills),  p.  22. 
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intrusion  into  an  already  consolidated  cooler  rock-tnass.  .  .  . 
We  know  also  that  there  are  undoubted  dykes  of  much  the 
same  character  among  the  contemporaneous  rocks."  My  own 
observations  have  led  me  to  agree  with  Mr  Ulough  that  many 
of  these  narrow  bands  must  be  regarded  as  true  dykes  and  not 
as  contemporaneous  veins.  Those,  too,  of  linhope  Spout  behave 
clearly  as  dykes,  maintaining  a  straight  course  and  uniform 
thickness  for  some  distance,  and  the  rock  resembles  many  of  the 
dyke-rocks  already  described.  Under  the  microscope  [49]  the 
margin  of  the  band  is  seen  to  become  very  compact,  and  shows 
flow  structure,  while  the  junction  with  the  granite  is  extremely 
sharp  and  well-defined.  Granophyre  groups  are  again  of  by 
no  means  uncommon  occurrence  [50].  The  ground  mass  is 
microgranitic  to  cryptocrystalline,  but  may  sometimes  become 
inicrographic.  Similar  vein-like  dykes  belonging  to  the  acid 
series  are  common  in  the  same  neighbourhood  [39],  [41], 
[47]. 

There  is  no  doubt,  however,  that  many  other  small  bands  and 
threads  of  more  acid  material  are  to  be  regarded  rather  as  con- 
temporaneous veins,  such  as  were  squeezed  into  the  granite 
previous  to  its  complete  consolidation,  from  a  deeper-seated  and 
more  acid  portion  of  the  general  magma.  Thus  several  of  the 
pink  felspathic  bands  which  traverse  the  granite  in  Linhope 
Bum,  a  short  way  below  Linhope  Spout,  would  seem  to  be  of 
this  nature.  A  hand  specimen  of  one  of  them  shows  a  fairly 
sharp  line  of  demarcation  at  its  junction  with  the  gi*anite.  But 
under  the  microscope  [38]  this  line  becomes  lost,  the  normal 
granite  simply  passing  gradually  into  the  vein-rock,  while  the 
latter  only  differs  from  the  former  in  containing  more  quartz 
and  orthoclase,  less  plagioclase,  and  scarcely  a  trace  of  ferro- 
magnesian  constituents.  Another  small  vein,  not  more  than 
half  an  inch  in  breadth,  traversing  the  granite  about  a  mile 
above  Linhope,  shows,  however,  a  rather  different  structure 
under  the  microscope  [40].  It  consists  entirely  of  quartz  and 
orthoclase,  with  an  occasional  small  pseudomorph  after  pyroxene. 
It  is  not  particularly  fine-grained  in  texture,  though  its  junction 
with  the  surrounding  rock  is  fairly  sharp.  In  its  central 
portion  the  orthoclase  plays  the  role  of  ground  mass  to  the 
quartz,  but  along  the  margins  the  two  minerals  have  crystallised 
out  simultaneously  and  form  a  beautiful  micropegmatite  of  a 
branching  dendritic  type.  This  micropegmatite  seems  to  have 
grown  inwards  all  along  the  margin  of  the  vein  and  at  right 
angles  to  the  junction  line  with  the  granite  ;  so  that  the  grano- 
phyric  border  appears  to  act  with  regard  to  the  parent  rock  in 
the  same  characteristic  manner  as  the  micrographic  groundmass 
of  the  granophyres  acts  with  regard  to  the  porphyritic  crystals, 
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i.e.,  when  it  fonns  about  them  the  characteristic  peripheral 
border.  We  may  presume  that  the  margin  of  the  vein  conso- 
lidated before  the  central  portion.  It  is  interesting,  therefore, 
in  connection  with  the  relations  of  micropegmatite  ali-eady  dis- 
cussed, to  find  here  a  quartz-felspar  rock  in  which  the  fonnatioii 
of  the  raicrographic  structure  was  followed  by  the  fonuation  of 
the  microgranitic.  In  this  case  the  formation  of  the  grano- 
phyric  l)order  may  have  been  due  to  greater  rapidity  in 
cooling. 

Small  veins  and  dykes,  tmversing  the  contemporaneous  lavas, 
are  common  in  some  places  close  to  the  granite  mai-gin.  Thus, 
the  Tathey  Crags,  about  a  mile  SE.  of  Langleeford,  consist  of 
altered  andesite  traversed  in  all  directions  by  numerous  veins, 
varying  in  breadth  from  half  an  inch  to  several  feet.  Under  the 
microscope  [104],  [105],  [108],  [109],  they  are  seen  to  consisi 
of  medium-grained  granite,  resembling  that  of  the  main  mass, 
niicrogranite  and  granophyre.  In  the  granitic  structure  the 
quartz  is  of  earlier  consolidation  than  the  orthoclase.  In  nearly 
all  these  veins,  in  addition  to  a  fair  amount  of  biotite,  tourma- 
line is  invariably  present,  and  sometimes  in  considerable 
quantity.  It  is  brown,  bluish -green,  or  of  a  dark  bluish  colour, 
and  usually  occurs  in  irregular  grains,  or  sometimes  in  short 
stout  prisms.  The  characteristic  pleochroism  is  strongly  marked 
One  vein  [105]  contains  this  mineral  in  such  quantity  that  one 
might  call  the  rock  a  tourmaline  granophyre.  Tourmaline 
bearing  granitic  veins  are  again  found  in  the  neighbourhood  of 
the  granite  margin  in  the  altered  andesite  of  the  crags  above 
Langleeford  [95],  [9(3],  and  in  the  Hen  Hole  [79]. 

Thus  the  chief  distinguishing  feature  between  these  marginal 
veins  and  those  within  the  granite  area  is  the  frequent 
occurrence  in  the  former  of  tourmaline.  I  have  also  occasion- 
ally noticed  it,  as  already  stated  above,  in  one  or  two  of  the 
granophyre  dykes,  traversing  the  granite,  not  far  from  its 
margin,  and  it  occasionally  occurs  in  the  granophyres,  which 
appear  to  form  a  marginal  modification  of  the  granite  mass 
itself  (see  above,  p.  37),  and  is  not  uncommon  along  lines  of 
faulting. 

I  have  now  described  the  main  petrological  features  of  the 
principal  varieties  of  dykes  and  veins  in  the  Chjeviot  district 
What  I  would  specially  call  attention  to  is  the  large  amount  of 
different  varieties  of  rocks  which  constitute  these  dykes,  and  the 
modifications  which  they  show  in  texture,  structure,  and  com- 
position. Thus  we  may  have  augite-biotite-porphyrites. 
biotite  -  porphyrites,  quartz-biotite  -  porphyrites,  biotite-quartz- 
porphyries,  orthoclase-porphyries  or  orthophyres,  and  grano- 
phyres, and  these  we  find  to  be  connected  by  intermediate 
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varieties,  showing  a  diminution  in  the  proportion  of  certain 
constituents,  and  the  increase  or  appearance  of  others,  so  that 
any  strictly  systematic  classification  of  them  is  impossible. 

I  have  already  compared  the  dykes  anil  sills  of  the  inter- 
mediate series  to  the  porphyrites  associated  with  the  granite 
masses  of  Criffel  and  Dalbeattie,  described  by  Mr  Teall,  and  Mr 
Teall  finds  a  strong  relationship  to  exist  between  these  porphy- 
rites and  the  granites  which  they  traverse.  And  there  is  no 
doubt  that  the  Cheviot  porphyrites  strongly  resemble  many  of 
the  dykes  and  sills  connected  with  other  granite  masses  of 
approximately  tlie  same  geological  age  as  the  Cheviot  mass,  and 
now  known  as  the  Newer  Granites  of  Scotland,  as  well  as  many 
of  those  traversing  the  contemporaneous  rocks  of  other  well- 
known  volcanic  areas  of  Lower  Old  Eed  Sandstone  age. 

In  describing  the  dykes  round  the  Shap  Granite,^  Mr  Harker 
finds  that  the  intrusions  present  a  considerable  mnge  of  dif- 
ferences, and  have  at  the  same  time  curious  points  in  common. 
They  have  characters,  moreover,  which  connect  them  on  the  one 
hand  with  the  Shap  Granite  and  on  the  other  with  the  Mica- 
Traps.  In  the  Cheviot  district,  too,  we  find  that  the  dykes  and 
sills  not  only  have  points  in  common,  as  I  have  endeavoured  to 
point  out,  but  show  distinctive  features  which  connect  them  on 
the  one  hand  with  the  augite-granite,  and  on  the  other  with 
the  andesitic  lava-flows  which  surround  it.  Thus  the  inter- 
mediate type  of  dyke-rock  mainly  consists  of  biotite-porphyrites 
containing  more  or  less  augite,  which  closely  resembles  the 
pyroxene  so  characteristic  both  of  the  granites  and  the  ande- 
sites.  Again,  a  rhombic  pyroxene,  presumably  enatatite,  occurs 
not  only  abundantly  in  the  lavas,  but  also  occasionally  in  the 
porphyrites  and  the  granite.  Pyroxene  also  sometimes  occurs 
in  the  quartz-felsites  and  granophyres.  The  peculiar  violet  or 
bluish  apatite  is  found  not  only  in  some  of  the  andesites,  but 
again  occasionally  in  some  of  the  later  porphyrites.  Micro- 
pegmatite  may  apparently  appear  in  the  ground  marSS  of  almost 
any  of  the  Cheviot  intrusives.  In  the  less  acid  type  of  dyke  it 
is  not  so  common  or  so  freely  distributed  when  present ;  but  it 
is  certainly  one  of  the  most  characteristic  features  not  only  of 
the  more  acid  dykes  but  also  of  the  more  marginal  portion  of 
the  granite.  Further,  the  frequent  occurrence  of  two  genera- 
tions of  micropegmatite  is  an  interesting  feature  of  many  of 
the  dykes. 

The  following  is  an  analysis  of  one  of  the  more  acid  quartz- 
felsites,  containing  the  granophy  re -groups,  from  the  river 
Breamish,  a  short  way  above  Linhope,  for  which  I  am  indebted 
to  Mr  Ivison  Macadam  of  Edinburgh.  I  quote  with  it  for  com- 
1  Q.J.G.S.,  yol.  xlvii.  (1891),  p.  287. 
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parison  the  analysis  of  the  biotite-quartz-felsite  fi-om  the  Coquet 
above  Shillmoor,  described  by  Teall :  ^ — 


SiOa 

FeO 

FeO, 

CaO 

MgO 

NajO 

KjO 

SO3 


I. 

II. 
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Loss  3-7 

0-86 

— 

99-94 


100-3 


I.  Quartz-felsite  dyke,  river  Breamish,  above  Linhope. 
II.  Biotite-quartz-felsite  dyke.     Kiver  Coquet,  half  a 
above  Shillmoor. 


mile 


This  analysis  will  probably  represent  that  of  the  majority  of 
the  dykes  that  I  have  classed  with  the  acid  type,  and  it  will  be 
seen  that  they  are  thus  considerably  more  acid  than  the  variety 
rich  in  biotite,  described  by  Mr  Teall,  while  the  latter  has 
slightly  higher  proportions  of  lime,  iron  ores  and  magnesia. 

I  will  now  pass  on  to  discuss  certain  considerations  dealing 
with  the  relations  between  the  various  igneous  rocks  of  this 
district. 

4.  The  Relation  betvjeen  the  Granite,  the  Dykes,  and  the 
Andesites. — The  first  period  of  volcanic  activity  in  the  Che^^ot 
district  was  evidently  marked  by  the  eruption  of  immense 
quantities  of  andesitic  lavas.  They  are  mostly  perfectly  normal 
P3rroxene-andesite8  showing  little,  if  any,  range  of  composition. 
No  lavas  of  the  rhyolitic  type  are  known  from  this  district, 
though  it  is  possible  of  course  that  such  may  have  been  poured 
out  at  the  surface  during  the  later  phases  of  the  eruptive 
activity.  This,  which  we  may  call  the  extrusive  phase,  was 
followed,  as  is  proved  by  the  phenomena  of  the  granite  and  the 
dykes,  by  the  intrusion  of  material  partly  of  intermediate  and 
partly  of  acid  composition.  This  intrusive  phase,  which  these 
phenomena  characterise,  commenced  with  the  intrusion  of  the 
augite  -  granite  into  the  contemporaneous  lavas.  That  the 
granite  was  intrusive  in  the  surrounding  rocks  was  fully 
recognised  by  Mr  Clough,  and  later  by  other  observers,*  and 

^  Oeol.  Mag.,  Dec.  3,  vol.  ii.  p.  107. 

^  See  Sir  Arch.  Geikie,  "Ancient  Volcanoes  of  Great  Britain,"  vol.  i.  pp.  337, 
338. 
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is,  moreover,  indisputably  proved  by  the  occurrence  in  the 
latter  of  contact  metamorphic  phenomena  along  the  granite 
margin.  The  intrusion  of  the  dykes  and  sills  of  porphyrite 
and  quartz-felsite,  since  they  cut,  not  only  the  andesites,  but 
the  granites  as  well,  constituted  therefore  the  latest  phase  of 
the  volcanic  activity  of  the  district  of  which  we  have  any 
record. 

Mr  Clough^  considers  the  Cheviot  granite  as  representing 
the  deep-seated  source  of  the  andesites,  and  Mr  Teall,  in  dis- 
cussing this  question,  says,^  "  are  these  rocks  (the  granites)  due 
to  the  consolidation  beneath  the  surface  of  the  magma  which 
produced  the  andesitic  lavas  and  tuffs  ?  .  .  .  The  evidence 
available  is  not  so  complete  as  we  could  wish,  but,  such  as 
it  is,  it  points  decidedly  to  an  affirmative  answer  to  the  above 
question."  Mr  TealFs  conclusion  is  partly  based  on  the  sup- 
position that  an  analysis  of  the  Cheviot  granite  would  approxi- 
mate very  closely  to  those  of  the  augite-granitites  of  Vosges, 
and  he  shows  that  there  are  close  connections  between  the 
chemical  analyses  of  these  latter  rocks  and  those  of  the  Cheviot 
andesites.  I  would  point  out,  however,  that  the  analyses 
that  I  have  already  given  of  two  samples  of  Cheviot  granite, 
one  of  which  I  ceiiiainly  think  approximately  represents  the 
normal  type,  both  show  a  considerably  higher  silica  percentage 
than  that  of  either  the  andesites  or  the  granites  of  the  Vosges. 
Further,  as  regards  the  alkalies,  there  is  a  well-marked  excess 
of  potash  to  soda,  whereas  the  converse  is  the  rtile  in  the  normal 
andesites. 

These  considerations,  I  think,  would  rather  seem  to  show 
that  if,  in  the  granite,  we  are  dealing  with  the  deep-seated 
source  of  the  andesites,  it  can  only  be  in  a  very  limited  sense. 
It  seems  more  probable  that  we  have  here  a  portion  of  the 
original  andesitic  magma,  which  had  undergone  a  certain  amount 
of  differentiation  previous  to  intrusion.  The  granite  is  on  the 
whole  distinctly  more  acid  than  the  lavas  and  belongs  to  a  later 
phase  of  activity. 

As  regards  the  amount  oi  differentiation  which  the  mass 
shows,  this  is  apparently  by  no  means  so  great  as  one  might 
have  expected  from  the  very  varying  aspect  of  the  rocks. 
Where  a  slightly  more  basic  modification  does  occur,  as  in 
the  neighbourhood  of  Linhope,  it  is  marginal.  This  is,  how- 
ever, by  no  means  a  uniform,  but  rather  a  local  character, 
many  of  the  marginal  varieties  of  rock  from  other  portions  of 
the  area  appearing,  if  anything,  more  acid  than  the  normal 
typa      A  somewhat  similar  type  of  marginal  variation  may 

1  Mem.  GeoL  Survey,  **The  Cheviot  Hms,"  p.  24. 

2  Qeol.  Mag.  (1886),  p.  117. 
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perhaps  be  found  in  the  case  of  the  granitic  rocks  of  Garabal 
Hill  and  Meall  Breae,  described  by  Alessrs  Dakyns  and  TealL^ 
Here,  however,  the  formation  of  a  basic  modification  had  pro- 
ceeded to  a  far  greater  degree.  In  the  present  case  the  amount 
of  variation  exhibited  appears  hardly  to  be  suflBcient  to  be  of  anv 
great  importance,  in  comparison  with  the  many  examples  of 
extreme  variation  in  igneous  masses  which  have  been  previously 
described.  The  occurrence,  nevertheless,  of  augite-granitit^. 
granophyres,  and  contemporaneous  felspathic  veins,  as  con- 
stituents of  our  granite  mass,  will  suffice  to  show  that  a  distinct 
amount  of  difl'erentiation  had  taken  place  in  the  magma 
subsequent  to  the  extrusion  of  the  andesitic  lavas. 

But  let  us  see,  now,  how  the  phenomena  of  the  dykes  anil 
sills  bear  upon  the  sequence  of  events  in  the  igneous  acti\ity 
of  this  area. 

Mr  Clough  observed  *  that  the  majority  of  the  dykes  tend  to 
have  a  more  or  less  radial  arrangement  and  to  point  towanls 
the  centml  part  of  the  granite  area,  and  this  is  at  once  seen  on 
glancing  at  the  Survey  map  of  the  district.  Similar  instances 
are.  however,  not  uncommon  in  other  localities.  Thus  J.  P. 
Iddings  has  described  radiating  dykes  converging  upon  a 
central  mass  of  granular  gabbro,  which  graduates  into  diorite, 
in  the  volcanic  area  of  Crandall  Basin,  in  Wyoming.*  Eadial 
dykes  are  also  well  seen,  according  to  Pirsson,  in  the  Crazy 
Mountains,*  and  in  the  High  wood  Mountains  of  Montana.^  The 
latter  author  points  out  that  these  dykes  represent  the  very  latest 
phase  of  the  eruptive  activity,  and  that  the  rocks  composing 
them  are  more  highly  differentiated  than  those  of  the  centml 
masses.  Pirsson  supposes  that  such  dykes  originated  owing  to 
cracks  being  formed  by  the  cooling  and  consequent  contraction 
of  the  central  mass.  Cracks  would  thus  occur  also  in  the 
heated  zone  of  surrounding  rocks,  and  if  these  are  homogeneous, 
the  cracks  will  be  more  or  less  radial.  Badiating  fissures,  he 
points  out,  are  most  typical,  where  intrusions  have  taken  place 
into  areas  of  approximately  homogeneous  and  undisturbed 
strata.  Again,  the  same  author  finds  that  these  radial  dykes 
are  generally  composed  in  the  same  district  of  two  main  groups, 
which  he  therms  lamprophyres  and  oxyphyres,  indicating  the 
more  basic  and  more  acid  series  respectively.  These  constitute 
"  complementary  "  groups,  and  the  more  basic  types  are  usually 
found  further  from  the  centre  than  the  more  acid.     This  we 

1  Q.J.G.S.,  voL  xlviii.  (1892),  p.  104. 

«  Mem.  Geol.  Survey,  "The  Cheviot  Hills,"  p.  28. 

»  Oe^l.  Mag,  (1893),  p.  559. 

*  Bull.  Geol.  Soc.  Am.,  vol.  iii.  (1892),  p.  451. 

*  Op,  cU.y  vol.  vi.  (1895),  pp.  889-422.     See  also  Am.  Joum.  Sci,,  Srd  Seri», 
vol.  1.  pp.  116-121. 
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should  expect,  on  the  supposition  of  the  magniatic  differentiation 
having  been  mainly  determined  by  the  migration  of  the  more 
basic  constituents  towards  the  outer  margin. 

In  the  Cheviot  district  it  would  seem  that  we  have  a  some- 
what parallel  case  to  those  described  by  Pirsson,  with  certain 
modifications.  We  have  numerous  dykes  showing  a  more  or 
less  radial  arrangement,  and  traversing  a  thick  series  of 
approximately  homogeneous  and  undisturbed  andesitic  lava- 
beds,  and  representing  moreover  the  final  phase  of  the  eruptive 
activity  of  the  district.  Taken  together,  these  dykes  show  more 
extensive  diilerentiation  than  the  main  mass  of  granite. 

I  have  already  drawn  attention  above  to  the  range  of  com- 
position exhibited  by  the  dykes.  Thus  we  have  every  gradation 
from  an  intermediate  rock  with  strong  affinities  to  the  andesites 
to  a  distinctly  acid  rock  showing  relations  to  the  more  acid 
granites  and  granopliyres  of  the  central  area.  And  since  the 
less  acid  variety  of  the  granite  is  considerably  more  acid  than 
the  mica-poi-phyrites,  we  have  then  a  greater  divergence  of 
diilerentiation  at  the  time  of  the  infilling  of  the  radial  fissures. 
It  is  also  true  to  a  certain  extent  that  the  quartz-felsite  and 
granophyre  dykes  are  most  numerous  in  and  about  the  central 
core.  The  porphyrite  dykes,  however,  as  w^e  have  seen,  do  not 
always  occur  away  from  the  centre,  but  are  frequently  seen 
cutting  the  granite  mass  as  well. 

From  these  considerations  I  think,  perhaps,  we  are  justified 
in  concluding  that  the  quartz-felsites  and  porphyrites  of  the 
Cheviots  are  "complementary"  rocks,  and  represent  the 
extremes  of  a  series  derived  by  a  process  of  differentiation  from 
one  original  magma.  It  might  be  urged,  however,  that  if  the 
original  magma  was  of  an  intermediate  composition,  we  should 
expect  to  find  more  decidedly  basic  modifications  of  it  among 
the  dykes,  and  basic  dykes  are  not  known  as  products  of  the 
igneous  activity  of  this  district  Still  there  is  no  reason  why 
such  should  not  have  been  formed  beneath  the  surface,  but  not 
tapped  during  the  dyke-forming  phase.  And  further,  the 
observable  succession  of  igneous  rocks  in  a  volcanic  area  is  well 
known  to  be  of  a  very  varying  nature,  and  at  present  no  general 
law  has  been  formulated  which  will  apply  to  all  cases  alike. 
Xp  doubt  the  extremely  varying  nature  of  the  physical  con- 
ditions which  obtain  in  different  areas,  will  account  for  a  good 
many  of  the  apparent  discrepancies  observed. 

Still,  however  this  may  be,  the  study  of  the  petrological 
features  of  the  Cheviot  igneous  rocks  brings  one  unhesitatingly 
to  the  conclusion  that  the  source  of  supply  for  the  andesitic 
lavas,  the  granites  and  the  dykes  and  sills,  was  the  same.  We 
cannot  ignore  the  close  relationsliips  that  have  already  been 

VOL.  VII.  PART  IV.  2  K 
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pointed  out  that  exist  between  the  three  groups  of  rocks.  The 
'structural  differences  between  them  are  no  doubt  due  to  dif- 
ferences in  the  conditions  of  consolidation.  The  variation 
observable  in  the  granite  mass,  and  the  range  of  composition 
shown  by  the  dykes,  I  would  attribute  to  differentiation  in  the 
original  mt^ma,  probably  determined  to  a  gi*eat  extent  by  the 
action  of  progressive  crystallisation,  as  already  pointed  out  by 
Mr  TealP  in  dealing  with  the  relations  of  quartz-felsite  to 
andesite. 

And  if  we  have  in  the  Cheviot  rocks  fair  samples  of  all  the 
variations  formed  in  the  original  magma,  the  degree  of  varia- 
tion in  the  granite  and  the  dykes  will  show  us  the  corresponding 
amount  of  differentiation,  which  had  been  produced  at  the  time 
of  the  intrusion  of  these  rocks  respectively. 

Apparently,  a  progressive  differentiation  gradually  went  on 
in  the  original  homogeneous  magma,  a  partial  result  of  which 
we  see  in  the  granite,  while  a  further  stctge  is  indicated  by  the 
dykes.  As  to  how  far  the  illustmtion  is  complete,  we  have  no 
means  of  judging. 

At  any  rate,  it  seems  certain  that  in  the  Cheviot  district  we 
are  dealing  with  three  distinct  and  successive  phases,  belonging 
to  the  same  geolo<;ical  period,  of  one  original  magma:  an  extrusive 
phase,  characterised  by  outpourings  of  andesitic  lavas ;  a  plu- 
tonic  phase,  characterised  by  the  intrusion  of  the  granite ;  and 
the  fissure  or  dyke  phase. 

In  conclusion  I  would  point  out  that  the  central  gmnite 
mass,  as  suggested  by  Sir  Arch.  Geikie,*  very  probably  occupies 
the  site  of  the  main  focus  of  the  volcanic  activity  of  this  district, 
and  that  it  has  thus  been  intruded  into  the  lower  portion  of  the 
old  vent  or  group  of  vents  from  which  the  surrounding  andesitic 
lavas  were  discharged. 

The  volcanic  cone  of  Lower  Old  Red  Sandstone  times,  which 
reared  itself  where  Cheviot  and  Hedgehope  Law  now  stand,  has 
long  since  passed  away.  But  the  ceaseless  action  of  denudation 
has  laid  bare  for  us  the  veiy  heart  and  core,  so  to  speak,  of  this 
ancient  volcanic  pile,  with  its  surrounding  accompaniment  of 
associated  dykes.  And  it  is  this  which  has  made  the  Cheviot 
district  unique  amongst  the  volcanic  areas  lielonging  to  the 
same  geological  period. 

I  am  aware  that  the  above  account  of  the  petrological  pheno- 
mena and  relations  of  these  interesting  rocks  cannot  profess  to 
be  complete,  and  that  there  are  many  questions  still  left  un- 
answered.    We  can  only  hope  that  further  research  will  throw 

^  Geol.  Mag.  (1885),  p.  118. 

'^  Q.J.G.S.,  vol.  xlviii.  p.  87  ;  also  *•  Ancient  VolcanoeB  of  Great  Britain," 
vol.  i.  p.  388. 
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more  light  on  many  of  the  interesting  problems  connected  with 
volcanic  areas,  and  we  feel  sure  that  in  this  branch  of  geology 
there  is  still  a  very  wide  field  of  investigation  for  the  compara- 
tive petrologist 


Lower 
O.  R.S. 


EXPLANATION  OF  MAP. 

(?— Granite. 

A — Andesite. 

r«-"TuflFs. 

P^Porphyrite  (dykes  and  sills). 

F— Quartz-Felsite. 

.^1-8 — Carboniferous. 


EXPLANATION  OF  PLATE. 

Fio.  1.  Phenocryst  of  micropegmatite  in  Rhyolite,  from  Schemnitz,  Hungary. 

Fi6.  2.  Phenocryst  of  micropegmatite  in  Quartz- Felsite,  from  R.  Breamish, 
Cheviots. 

Fig.  3.  Phenocryst  of  micropegmatite  in  Quartz-Felsite,  from  B.  Breamish, 
Cheviots. 

Fig.  4.  Section  of  Porphyrite,  with  phenocrysts  of  plagiodase,  biotite,  augite, 
«nstatite,  and  micropegmatite,  from  Dunmoor  Hill,  Cheviots. 
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LIII. — Geological  Notes  on  Strathdearn  and  the  Aviemore 
Railway,     By  Thomas  D.  Wallace,  Inverness. 

(Read  17th  March  1898.) 

Part  I. 

The  construction  of  this  new  railway,  now  nearly  completed, 
which  extends  from  Aviemore  on  the  Highland  Kail  way  to 
Inverness,  by  Moy  Hall,  has  opened  up  some  new  geological 
sections.  Having  on  previous  occasions  communicated  to  the 
Society  some  observations  on  the  geological  features  in  the 
neighbourhood  of  Inverness,  I  have  been  watching  the  opera- 
tions on  this  line  of  railway,  expecting  to  have  some  further 
light  thrown  upon  the  geology  of  Strathnairn,  and  particularly 
on  its  fossil  remains.  Although  very  little  of  importance  has 
turned  up,  yet  the  few  notes  now  communicated  may  not  be 
wanting  in  interest. 

Before  stating  the  results  of  my  observations,  it  may  be  of 
importance  to  describe  in  a  few  sentences  the  topography  of  the 
route. 

Leaving  Inverness  from  the  present  railway  station,  the 
shore  is  skirted  for  a  short  distance,  then  with  a  sharp  curve  to 
the  south  the  line  passes  through  the  90  feet  terrace,  and 
emerges  upon  a  fine,  open,  cultivated  country,  after  which  it 
enters  the  woods  to  the  south  of  CuUoden  House.  The  first 
station  from  Inverness  will  be  at  CuUoden  Moor,  a  short 
distance  from  the  battlefield. 

Strathnairn  is  crossed  by  a  magnificent  stone  viaduct,  and 
the  line  rises  gradually  along  the  hillside  to  the  south  of  the 
Nairn  Eiver,  till  Craggie  is  reached.  From  Craggie  to  the 
Findhorn  the  route  is  over  comparatively  level  ground,  passing 
Moy  Hall  on  the  shore  of  Loch  Moy. 

The  Findhorn  is  crossed  by  another  very  fine  piece  of 
engineering  in  the  shape  of  a  viaduct  supported  on  Aberdeen 
granite  pillars.  After  leaving  the  Findhorn  the  line  passes 
through  the  Pass  of  Slochmuick,  before  descending  to  Carrbridge. 
From  Slochmuick  the  lover  of  scenery  will  be  rewarded  by  a 
view  of  the  Grampians  that  cannot  be  surpassed.  From  Carr- 
bridge to  Aviemoi'e  the  route  is  over  a  flat  district,  beautifidly 
wooded  with  pine  and  birch.  The  scenery  on  this  line  will  l»e 
the  finest  in  the  Highlands,  while  its  historical  and  archsDo- 
logical  features  have  already  engaged  the  attention  of  scientists. 
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Throughout  its  entire  length  the  cuttings  have  been  through 
the  drift  deposits.  Only  in  one  or  two  places  has  the  rock 
been  reachecl,  viz.,  Old  Red  Sandstone  at  CuUoden  Moor  and 
Gneiss  at  Craggie  and  Slochmuick.  The  drift  deposits  consist 
of  sand,  gravel,  and  boulder  clays. 

At  Millbum,  near  Inverness,  the  first  cutting  is  through  the 
90  feet  terrace,  which  discloses  a  section  of  tine  stratified  sand 
and  gravel  overlying  in  one  place  an  arranaceous  grey  clay, 
which  was  found  after  careful  washing  to  be  destitute  of  organic 
remains.  The  next  cutting  was  in  CuUoden  woods,  which  was 
through  boulder  clay. 

Between  Millbum  and  this  point  many  interesting  boulders  of 
granite,  conglomerate,  and  porphyry  were  found  in  the  clay,  and 
showing  in  themselves  fine  striation  and  glaciations.  The  granite 
boulders  were  from  the  west,  and  some  from  Stratherrick.  One 
fine  conglomerate  boulder  was  undoubtedly  from  Inverfaragaig. 
These  with  other  western  rocks  confirm  the  theory  that  the  ice- 
flow  was  from  SW.  to  NE.,  or  along  the  line  of  the  great  glen 
and  the  Moray  Firth. 

Several  fragments  of  the  black  fossiliferous  shale  were  also 
found,  showing  that  the  denudation  had  reached  that  depth  in 
the  0.  R  formation  in  this  neighbourhood. 

One  curious  fact  might  be  mentioned,  which  is  as  follows  : — 
On  the  top  of  the  north  embankment  of  this  cutting,  and  on  the 
very  edge  of  it,  there  was  a  well  which  supplied  by  means  of 
pipes  a  house  at  a  distance.  When  the  cutting  was  made  the 
water  left  the  well,  and  the  Eailway  Company  had  to  lay  down 
a  fresh  supply  of  water  to  the  house.  Not  long  after  this  was 
done  the  water  returned  to  the  well,  and  remains  there.  In 
this  section  great  trouble  was  experienced  with  a  copious  flow 
of  water  from  the  south  bank.  This  may  l)e  explained  by  the 
dip  of  the  rocks  being  towards  the  NW.,  and  the  water  that 
collects  on  the  flat  moor  to  the  south  flowing  naturally  down 
the  dip  of  the  strata  was  intercepted  by  the  cutting. 

At  CuUoden  Moor  the  rock  was  reached  but  only  touched. 
A  considerable  quantity  of  sandstone  was  quarried  here,  and 
the  section  showed  first  10  feet  of  boulder  clay,  then  5  feet  of 
broken  sandstone  mixed  with  boulder  clay.  This  was  followed 
by  15  feet  of  shattered  rock  overlying  the  solid  rock,  which 
showed  a  dip  of  15'*  to  25"  NW.,  the  normal  dip  of  the 
strath. 

A  bed  of  fossiliferous  shale  was  cut  through  which  showed 
fragments  of  organic  remains  in  the  shape  of  fish  scales  and 
plants.  When  sinking  the  piers  of  the  viaduct  over  the  Nairn, 
the  pier  on  the  north  bank  of  the  river  was  founded  easily  on 
the  rock  which  appears  at  the  surface  and  shows  another  bed  ot 
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bituminous  shale,  but  no  solid  foundation  could  be  found  for 
the  pier  on  the  south  side,  although  the  two  were  separated 
only  by  a  few  yards. 

The  contractor  had  a  similar  experience  at  the  Findhorn 
viaduct.  This  may  possibly  indicate  the  bed  of  an  old  pre- 
glacial  river.  It  could  scarcely  be  a  fault,  as  the  junction 
of  the  0.  R.  Sandstone  with  the  Gneiss  is  seen  at  no  great 
distance  from  the  spot,  in  Dalroy  Bum,  where  the  conglomerate 
lies  unconformably  on  the  Gneiss,  and  dips  to  the  NW.  at  the 
usual  angle. 

Another  very  fine  section  of  rock  was  displayed  in  Lienach 
Quarry,  out  of  which  the  stone  for  the  Nairn  viaduct  was  taken. 
The  section  shows  from  10  to  20  feet  of  boulder  clay  overlying 
20  to  25  feet  of  broken  or  crushed  rock,  underneath  which 
there  is  50  feet  of  solid  rock  exposed  in  the  section,  without  any 
trace  of  fossils.  There  is  a  good  deal  of  false  bedding,  with  a 
general  dip  of  from  15'  to  25'  NW. 

At  one  part  a  decided  slip  or  fault  can  be  traced  the  whole 
depth  of  the  exposed  face.  The  vertical  section  of  the  fault 
looks  as  if  the  rock  had  parted,  and  the  intervening  space 
between  filled  up  mth  broken  rock  ;  but  it  is  in  all  probabiUty 
the  shattering  of  the  rock  caused  by  the  downthrow. 

On  looking  across  the  river  from  this  point  several  well 
defined  river-terraces  can  be  traced  on  the  hillside,  behind 
one  of  which  the  now  famous  Clava  Shelly  clay  rests. 

There  was  a  slight  cutting  into  the  Gneiss  at  Craggie  station, 
which  showed  the  usual  contortions  with  quartz  and  granite 
veins  running  throughout  the  mass.  A  good  grey  granite 
quarry  was  opened  by  the  Eailway  Company  a  little  to  the  south 
of  Craggie,  and  the  stone  used  in  their  building  operations. 

Below  Craggie  station,  and  to  the  south  of  it,  are  the  finest 
specimens  of  glaciation  to  be  seen  anywhere  in  the  whole 
valley. 

There  are  also  on  both  sides  of  the  Nairn  here  large  accumula- 
tions of  sand  and  gravel,  especially  above  the  bridge  and  to  the 
south  of  Faillie,  where  they  assume  immense  ridges,  now  covered 
with  young  wood.  These  must  be  taken  into  account  when  con- 
sidering what  we  are  about  to  describe. 

The  flat  over  which  the  railway  runs  from  Ci-aggie  to  the 
Findhorn  is,  by  a  consensus  of  opinion,  based  upon  minute 
examination  of  the  ground  by  several  observers,  to  be  the  basin 
of  an  old  glacial  lake. 

Previous  to  the  gorge  known  as  the  "  Streens  "  on  the  Findhorn, 
within  the  area  of  this  old  lake,  being  cut  through,  the  channel 
of  the  Findhorn  must  have  run  in  the  direction  of  Craggie. 
When  glaciers  began  to  accumulate  and  flow  down  from  the 
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valley  of  the  Findhora  their  tendency  would  be  to  cut  through 
this  old  channel  and  force  a  way  in  the  direction  of  the  present 
Findhom  channel  As  the  glacier  retired  the  water  would 
accumulate  in  the  hollow,  which  would  at  first  be  chiefly 
drained  into  the  Nairn  vallej. 

As  the  cutting  at  the  Streens  became  deeper  it  would  be 
partly  diuined  towards  that  opening.  As  the  water  lowered  the 
lake  would  be  divided  by  the  accumulation  of  gravel  and  boiUder 
clay  which  occupies  the  watershed  by  the  old  lake.  The  western 
part  now  occupied  by  Loch-a-Churin  would  drain  into  the 
Nairn,  and  the  east,  now  occupied  by  Loch  Moy,  would  drain 
into  the  Findhorn,  as  they  do  at  present. 

There  is  a  well-defined  ridge  of  gravel  and  sand  at  the  east 
end  of  Loch  Moy,  which  must  for  some  time  have  formed  a 
l*arrier  to  its  waters  at  that  end.  A  rise  of  about  90  feet  would 
send  the  waters  of  the  Findhorn  out  by  the  old  channel  into  the 
Nairn. 

About  10  miles  above  Freeburn  on  the  Findhorn  there  are 
great  accumulations  of  sand  and  gravel  similar  to  those  on  the 
north  of  the  "  Streens,"  as  well  as  portions  of  well-defined 
terraces  at  various  levels.  The  accumulations  of  sand  in  the 
Nairn  Valley  at  Craggie  and  above  the  bridges  were,  in  all 
probability,  formed  under  the  waters  of  a  glacial  lake  formed 
by  the  detrital  matter  carried  down  the  channel  of  the  pre- 
glacial  river  from  the  Findhorn  Valley  and  deposited  before  the 
gorge  at  Daviot  was  cut  through. 

The  whole  of  the  Nairn  Valley  was  at  one  time  submerged  to 
the  depth  of  500  feet  and  more,  as  proved  by  the  Clava  Shelly 
clay.  When  the  land  began  to  rise  the  height  at  Oraggie  and 
Freeburn  would  gradually  appear.;  and  as  this  would  give  rise 
to  currents,  the  moraine  matter  would  get  rolled  and  washed 
—the  sand  finding  a  resting  place  in  the  deeper  and  quieter 
waters,  and  the  larger  materials  arranged  in  ridges  and  terraces. 

The  sand  and  gravel  on  all  watersheds  that  I  have  examined 
are  arranged  in  conicle  mounds  of  various  sizes  ;  and  this  holds 
good  at  Daviot  to  the  NW.  of  Craggie. 

The  new  line  has  exposed  some  sections  of  boulder  clay  and 
(xneiss  between  the  Findhorn  and  Carrbridge  ;  and  between  the 
latter  and  Aviemore  it  nins  entirely  through  gravel. 

It  was  hoped  that  the  various  sections  of  this  line  would  have 
thi-own  some  additional  light  upon  the  extinct  0.  R  fauna  and 
on  the  Arctic  clay  deposits ;  but  in  both  these  respects  we  have 
been  disappointed. 

Undoubted  confirmation,  however,  has  been  obtained  by  the 
NE.  flow  of  the  last  glaciers  that  filled  the  valleys  of  the  Nairn 
and  the  Findhorn. 
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LIV. — On  Carhonia  :  its  Horizo7is  and  Conditions  of  Occur- 
rence in  Scotland,  especially  in  Fife,  By  Professor  T. 
RiJPERT  Jones,  F.K.S.,  Assoc.  Geol.  Soc.,  Edinb. ;  Mr 
James  W.  Kirkby  ;  and  Dr  John  Young,  F.G.S.,  Assoc. 
Geol.  Soc,  Edinb. 

(Read  7th  April  1898.) 

Many  years  ago^  the  late  Professor  W.  C.  Williamson  ex- 
pressed some  surprise  that  the  little  Entomostracan  shells 
abundant  in  some  of  the  Carlx)niferous  strata  should  have  been 
so  frequently  referred  to  as  indicating  the  existence  of  fresh 
water.  Of  course,  our  deceased  friend  could  himself  have  given 
the  explanation,  namely, — because  the  particular  strata  of 
Burdiehouse,  and  other  such  Carboniferous  limestones  and 
shales,  were  regarded  as  being  of  fresh-water  origin,-  chiefly  on 
account  of  the  absence  of  marine  organisms,  the  presence  of 
many  terrestrial  plant-remains,  and  some  peculiar  fishes. 
Hence  the  genus  CyprU  (Miiller,  1785),  being  the  best-known 
of  freshwater  Ostracods,  was  tlie  more  readily  taken  by  Geolo- 
gists as  analogous  to  tlie  fossil  forms  in  such  strata  as  the 
above-mentioned. 

So-called  fossil  "  Cyprldes "  were  mentioned  by  Desmarest, 
1813;  J.  Sowerby,  1824;  Hibbert,  1834;  J.  de  C.  Sowerby, 
1835,  1836,  1840;  Bean,  1836;  Williamson,  1836;  PhUlips, 
1842  ;  Portlock,  1843 ;  Dunker,  1846. 

The  fossil  Ostracoda  of  marine  strata  were  referred  to 
"Cythere''  (Muller)  by  Munstei,  1836;  Romer,  1838;  de 
Koninck,  1841;  Reuss,  1844;  Cornuel,  1844;  M*Coy,  1844. 

Subsequently  generic  differentiation  improved  the  grouping 
of  the  fossil  f onus,  both  of  the  Cyprididm  and  Cytheridw ; — 
and,  as  far  as  the  comparison  of  the  tests  could  sen^e,  the 
analogies  and  identities  were  more  and  more  clearly  deter- 
mined. 

Some,  however,  of  the  Osti-acods  in  the  Carboniferous  series 
of  beds,  though  usually  found  in  what  are  regarded  as  "fresh- 
water" strata,  present  themselves  also  in  association  with 
fossils  of  marine  origin.  There  is  (1)  a  dwarf  variety  (Seoio- 
hurdigcdensis)  of  the  specially  marine  Leperditia  Okeni^;  and  (2) 

^  Manchester  Literary  and  Philos.  Soc.  Memoirs,  vol.  viii.  (1847),  p.  89. 
'  As  he  intimated  in  the  Philos,  Mag,,  new  series,  vol  ix.  (1836),  p.  352. 
*  See  Ann.  Mag.  Nat.  Hist.,  ser.  3,  vol.  xni.  (1866),  p.  85. 
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several  species  of  Carbonia,  The  first,  however,  may  bear 
evidence  of  having  been  modified  by  migration  into  brackish 
or  estuarine  water;  and  the  latter  seem  to  have  flourished 
most  generally  in  waters  which  were  not  frequented  by  the 
animals  of  the  sea;  but  also  to  have  had  sometimes  marine 
creatures  for  their  associates;  and  so  far,  this  is  e\ddence  of 
their  having  been  capable  of  living  in  both  fresh  and  salt 
water. 

Seven  species  (together  with  their  varieties)  of  Carbonia 
were  fully  described  and  iUustmted  in  1879.  Two  species  (and 
varieties)  had  already  been  determined.  Three  other  species 
have  been  since  referred  to  the  genus,  making  twelve  in  all,  as 
enumerated  below : — 

1.  Carbonia  fabulina,  Jones  aud  Kirkby,  Ann.  Mag.  N.  H., 
ser.  5,  vol.  iv.  (1879),  p.  31,  pi.  2,  figs. 
1-5  and  7-10. 

var.  humilis,  Ibid.,  figs.  11-14. 

var.  inflata,  Ibid.,  figs.  15-19. 

var.  subangulata.  Ibid.,  figs.  20-23. 

var.  ovalis,  no  v..  Ibid.,  fig.  6. 

2. Eankiniana,  J.  &  K.,  IbicL,  p.  34,  pi.  3,  figs.  1-8. 

3. subula,  J.  &  K.,  Ibid.,  p.  35,  pi.  3,  figs.  9-13. 

4.  * scalpellus,  J.  &  K,  Ilnd.,  p.  36.  pi.  3,  figs.  14-17. 

5.  secans,  J.  &  K.,  Ibid.,  p.  37,  pi.  3,  figs.  18-20. 

6. puiigens,  J.  &  K.,  Ibid.,  figs.  21-23. 

7. Evelinae,  Jones,  OeoL  Mag.,  vol.  vii.  (1870),  p. 

218,  pi.  0,  fig.  4. 

8. Agnes,  Jones,  Ibid.,  fig.  6. 

var.  rugulosa,  Ibid.,  figs.  8,  9. 

var.  rubengulosa.  Ibid.,  fig.  10. 

9. bairdioides,  J.  &  K..  A.M.X.H.,  l.c.  p.  38,  pi. 

3,  figs.  24,  25. 

10. Wardiana,  J.  &  K.,  A.M.N.H.,  ser.  5,  vol.  xviii. 

(1886),  p.  265,  pi.  9,  fig.  10. 

11. Roederiana,  J.  &  K.,  Trans.  Geol.  Soc.  Manch., 

vol  xxi.  (1891),  p.  138,  fig.  5,  6. 
12. Salteriana,  Jones,  Ibid.,  p.  140,  figs.  11,  12. 

Since  a  sketch  of  the  conditions  under  which  these  particular 
Ostracods  seem  to  have  lived,  and  of  the  localities  where  they 
are  now  found,  must  be  of  interest,  this  paper  has  been  pre- 
pared with  all  the  information  we  have  collected  on  the 
subject. 

Desirous  of  finding  what  evidence  Ostracoda  yield  in  dis- 
tinguishing   deposits    of    different    origin,    whether    in    salt, 
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brackish,  or  fresh  water,  the  Entomostraca  in  the  strata  of  the 
Canipsie  district,  near  Glasgow,  have  been  noted  by  Dr  Jolm 
Young ;  and  the  occurrence  of  different  genera  and  species  in 
the  Carboniferous  series  of  Fifeshire  has  been  examined,  and 
the  results  tabulated  by  Mr  J.  W.  Kirkby. 

In  his  memoir  "  On  the  Geology  of  the  Campsie  District " 
(Trans.  Geol.  Soc.  Glasgow,  vol.  i.  pp.  1-68),  Dr  J.  Young 
descrites  those  Lower  Carboniferous  limestone  and  shales  to 
which  he  a8cril)e8  a  freshwater  or  estuarine  origin,  at  the  Liim 
of  Baldamock  (p.  31);  also  in  the  Millbum  series  (p.  32),  the 
Craigenglen  series  (p.  34),  and  the  Hosie  Limestone  series  (p. 
35).  These  teds,  he  observes,  are  marked  by  the  absence  of 
marine  fossils  and  by  the  presence  of  plant-remains.^  Their 
characteristic  Ostracod  is  Carbonia  (fonnerly  "  Cythere ")  faha- 
lina.  This  swarms  in  thousands,  both  here  and  in  the  Calder 
Coalfield  ;  often  massed  in  such  abundance  as  to  constitute  the 
material  of  the  oil-shales,*  which  are  evidently  made  up  of  the 
crushed  and  still  partly  transparent  shells  of  Carbonia.  In  the 
associated  limestone  Carhrnia  fdbulina,  C.  pungens  and  C.  secam 
are  found  in  a  less  crushed  condition. 

In  the  third  edition  of  this  memoir  (1894),  Dr  Young  uses 
the  term  "  lacustrine  "  instead  of  "  estuarine,"  no  marine  fomi 
having  been  recognised  in  these  beds.  He  states :  "  we  have  the 
Carbonia  group  present  in  abundance  in  various  kinds  of  strata, 
such  as  white  and  ferruginous  limestones,  clay-ironstones,  car- 
bonaceous and  clay  (purely  argillaceous)  shales.  Mixed  with 
them  we  sometimes  find  the  remains  of  ganoid  fishes  of 
lacustrine  types ;  and  the  coprolites  of  some  of  them  show  that 
they  had  lived  largely  on  the  Carbonice  then  swarming  in  the 
waters.  Shells  of  Anthrawsia  (the  'IJnio'  type  of  the  coal), 
with  land-plants  and  Spirorhis  of  lacustrine  type,  are  present  in 
some  of  the  beds.  I  do  not  think  that  T  ever  met  with 
Carbonia  in  strata  holding  typical  forms  of  marine  life." 

Dr  John  Young,  moreover,  infonns  us  that  he  has  found 
Spirorbis  {Microconchvs)  cai'bonariuSy  Murchison,  in  two  of  the 
Carbonia  limestones  ("  lacustrine ")  of  the  Lower  Series  of  the 
Campsie  district ;  in  these  limestones  no  marine  orgamsms  (as 
far  as  he  knows)  have  been  identified. 

"  From  our  Upper  Coal-measures  of  T^narkshire  "  (he  writes) 

*  It  was  on  this  basis  that  Dr  S.  Hibbert  wrote  his  elaborate  treatiae  on  the 
Freshwater  Limestone  of  Burdiehouse.  Transac.  Royal  Soc,  Edinburgh,  vol. 
xiii.,  1836. 

'  Some  black  shale  of  the  Carboniferous  series  in  Tyrone  and  Londonderry, 
Ireland,  containing  relics  of  DUhyrocaris  Coleit  are  mainly  composed  of  small 
compressed  Octracods  (possibly  Carbonia)^  like  some  of  the  oil -shales  of  Scotland 
here  referred  to.     See  Monogr.  Brit.  Pal.  Phyllop.,  Pal.  Soc,  Part  iii.,  1898, 
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"  I  have  the  same  species  of  Spirm-bis  from  three  localities ;  in 
one  instance  being  on  the  stems  of  plants  ;  in  another  on  shells 
of  Anthracoptera ;  and,  in  the  third,  in  a  piece  of  the  Airdrie 
black-band  ironstone  noted  for  its  remains  of  Ganoid  Fishes. 

"  Our  other  *  lacustrine  *  species  of  Spirorbis  (Microconchtis 
kelicteres,  Salter)  is  found  at  two  places :  one  at  the  Heads  of 
Ayr,  on  the  Clyde,  in  '  lacustrine  '  calciferous  strata  ;  the  other 
in  the  Upper  Coal  strata  at  Newton,  east  of  Glasgow,  in  what 
is  termed  a  Mussel-band  ironstone  ;  where  it  is  associated  with 
thousands  of  Anthracosia"  Dr  Young  also  remarks  that 
"  The  Geological  Survey  of  Scotland,  in  the  *  Memoir,  Explan 
Sheet  25  (Lanarkshire,  central  district),'  in  the  list  of  fossils, 
notes  the  occurrence  of  Spirorbis  carbonarius  at  some  other 
localities  and  horizons.  Other  localities  are  also  given  in  the 
list  of  fossils  for  *  Sheet  31.*  This  species,  therefore,  seems  to 
have  been  not  uncommon  in  the  'lacustrine*  strata  of  the 
Upper  Coal-measures  of  western  Scotland ;  as  also  in  similar 
strata  in  the  Millstone  Grit  series." 

Dr  J.  Young  once  found  a  well-preserved  set  of  C.fabulina 
tilling  the  hollow  stem  of  a  Lepidodendron  branch  that  had 
come  from  the  Possil  Ironstone,  near  Glasgow.  This  interesting 
occurrence  specially  points  to  the  floating  of  a  decaying  branch 
in  a  quiet  inland  water. 

In  the  "  Transactions  of  the  Geological  Society  of  Glasgow," 
vol.  X.,  part  2  (1896),  pp.  334-336,  he  gives  the  results  of  a 
microscopic  examination  of  the  Craigenglen  "  lacustrine  "  lime- 
stone, on  the  South  Hill  of  Campsie  and  belonging  to  the 
Lower  Limestone  series. 

"  In  sectioning  some  portions  of  the  limestone,  which  showed 
externally  to  the  naked  eye  a  minute  brecciated  structure,  I 
was  very  much  interested  to  find  that  it  frequently  had  single 
valves  of  the  shells  of  the  Ostracoda  ^  collected  into  neat  little 
nest-like  groups  containing  from  two  to  nine  or  more  specimens 
in  each.  They  were  often  closely  assorted  in  size  and  form,  one 
within  and  above  the  other,  like  piles  of  saucers,  in  little 
crevices  between  the  fragments  of  the  breccia,  and  were  sur- 
rounded with  a  matrix  of  calcite,  which,  subsequently  infiltered, 
had  cemented  the  fragments  of  the  breccia  together.  The 
shells,  it  may  be  stated,  are  generally  well  preserved,  their  thin 
and  delicate  valves  being  neither  crushed  nor  distorted.  In 
looking  over  the  sections,  one  is  struck  with  intei-est  at  the 

*  Five  species  of  Carbonia  have  been  found  in  this  stratum  by  Dr  J.  Younc. 
See  the  List  of  Carboniferous  Ostracoda  in  the  Trans.  Geol.  Soc.  Glasgow,  vol. 
ix.  (1898),  p.  311. 

In  Dr  J.  R.  S.  Hunter's  "Palaeontology  of  the  Carboniferous  Strata  of  the 
West  of  Scotland,"  Part  2,  1876,  at  pages  17,  21,  25,  27,  38,  39,  48,  and  77, 
enamerates  seven  species  of  Carbonia  with  their  localities  and  horizon. 
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great  regularity  in  this  arrangement  of  the  valves,  both  in 
relation  to  size  and  shape.  This  peculiar  feature  distinguishes 
this  variety  of  the  limestone  from  all  other  parts  of  the  rock  in 
which  the  Ostracoda  exist,  and  from  which  the  brecciated 
structure  is  absent. 

"  The  occurrence  of  these  nest-like  groups  has  suggested  to 
my  mind,  as  an  explanation,  that  the  dead  shells  were  drifted 
by  gentle  currents  of  water  from  portions  of  the  lake-l)ottom  to 
other  tracts  where  the  sediments  had  been  for  a  time  laid  Imre 
through  a  retreat  of  the  waters.  These  sediments,  under  the 
drying  power  of  the  sun,  would  be  minutely  cracked  and 
fissured,  as  seen  along  many  lake-shores  at  the  present  day; 
and  into  such  openings  the  valves  of  the  Ostracoda  would  l* 
swept  by  the  returning  waters,  the  currents  having  probably 
some  assorting  and  selecting  power  which  gave  them,  acconling 
to  size  and  sliape,  the  neat  arrangement  in  which  they  now  lie. 
They  were  then  preserved  from  crushing  or  distortion  by  the 
after-infiltration  of  a  soluble  calcite  into  the  fissures. 

"Since  I  first  discovered  this  nest-like  arrangement  of  the 
Ostracoda  which  I  have  now  endeavoured  to  descrite,  in  the 
brecciated  limestone  at  Campsie,  I  have  looked  for  a  similar 
occurrence  in  other  lacustrine  limestones  where  shells  of  the 
family  abound,  but  have  not  been  able  to  detect  it  in  any  of  them. 
This  seems  to  indicate  that  before  such  an  arrangement  of  the 
shell-valves  could  have  taken  place  some  such  conditions  as 
those  I  have  supposed  above  must  have  existed  in  producing  (1) 
the  fissuring  of  the  mud  bed  (brecciated  rock),  and  (2)  the  intro- 
duction of  the  shells  of  the  Ostracoda  into  the  fissures  through 
the  action  of  a  current  of  water." 

Mr  J.  Neilson,  in  the  Trans.  Geol.  Soc.  Glasgow,  vol.  x., 
part  1  (1894),  pp.  61-79,  treating  of  the  "  Calderwood  Limestone 
and  Cement-stone  with  their  associated  Shales"  and  their 
fossils,  remarks  (p.  6(5,  etc.)  that  the  East  Kilbride  Cement- 
stone  "is  of  genuine  estuarine  origin,"  and  that  the  so-called 
"estuarine"  strata  of  the  Upper  Coal-Measui-es  present  in- 
sufficient evidence  of  marine  organisms  to  be  grouped  under 
that  term,  and  should  be  regarded  as  of  freshwater  origin. 

It  will  be  afterwards  seen,  from  the  results  of  Mr  Kirkby's 
researches,  that  Carbonia  ranges  from  the  lowest  strata  to 
nearly  the  highest  in  the  Carboniferous  Series  of  the  East  of 
Scotland.  In  England  (Northumberland  excepted)  none  of  its 
species  have  as  yet  been  found  below  the  Coal-measures: 
though  in  them  they  are  common  fossils,  even  probably  at 
higher  horizons  in  Lancashire  and  the  Midland  Counties  than  in 
Scotland.     It  is  not  rare  in  some  of  the  Coal-shales  in  South 
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Wales.  It  has  not  yet  been  recorded  from  the  Carboniferous 
stitita  of  Ireland,  but  wiU  probably  be  found  among  ita 
coal-beds. 

Some  of  the  British  species  of  Carbonia  have  been  met  with 
in  the  coal-series  of  West  Vii-ginia,  and  in  the  Lower  Car- 
boniferous rocks  of  Nova  Scotia.  But  it  is  certainly  strange 
that  no  members  of  the  genus  are  as  yet  known  from  any  of  the 
( 'ontinental  Coalfields  of  Europe. 

Remarks  by  Mr  Kirkby. 

In  Fife  the  Carboniferous  rocks  form  a  thick  series  of  strata, 
easily  studied  in  fine,  natural  coast-sections.  These  take  in 
fully  three-fourths  of  the  whole  formation ;  and  what  is  wanting 
— mainly  the  middle  or  coal-bearing  portion  of  the  Carboniferous 
Limestone  series — can  be  obtamed  from  sections  recorded  in 
sinking  to  the  coals  of  the  latter  subdivision.  Hence  we  arrive 
at  a  fairly  complete  and  detailed  knowledge  of  the  sequence  of 
tlie  strata  from  the  highest  "  Red  beds "  of  the  Coal-measures 
down  to  the  lowest  exposed  beds  of  the  Calciferous  Sandstones. 
Species  of  Carbonia  range  through  nearly  the  whole  of  these 
strata  ;  and  the  following  synoptical  account  shows  the  localities 
and  horizons  at  which  Carbonia)  have  been  noticed  to  occur ; 
the  nature  of  the  stratum  and  associated  fossils  in  each  case 
being  also  given.  The  approximate  position  of  the  horizons  is 
shown  in  feet  below  the  Red  Sandstone  seen  to  the  west  of  the 
River  I^even,  which  is  the  highest  bed  of  the  Carboniferous 
series  known  in  Fife.  These  residts  have  been  arrived  at  mainly 
from  peraonal  examination,  except  for  the  beds  included  in  the 
Millstone-grit  and  Lower  Coal  and  Ironstone  series,  for  which 
j)ortion  the  published  vertical  sections  of  the  Geological  Survey 
have  been  used. 

Occurrences  op  Carbonic  in  Fife, 
coal-measures. 

Feet. 

1.  In  blackband  ironstone.     Coast,  west  of  Methil        .       41(> 

Carbonia  fabultna,  J.  &  K.,  C.  Rankiniana, 
J.  &  K.,  C.  SECANs,  J.  &  K.  Associated  witli 
Leaia  Leidyi  (Lea) ;  Sjnrorbis  mrbonarms,  Murch. ; 
Palseoniscid  scales  and  other  fish  -  remains ;  and 
Stigmarian  rootlets. 

2.  In  a  band  of  reddle.     Coast,  west  of  Methil     .         .       44*^ 

Carbonia  Rankiniana,  J.  &  K., — very  abundant. 
Associated  with  Palseoniscid  scales  and  other  fish- 
remains. 
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3.  In  red  and  grey  shale.     Coast,  west  of  Metbil .        .      463 

Carbonia  Rankiniana,  J.  &  K.  Associated  with 
a  dwarfed  fomi  of  Anthracomya  ;  Palaeoniscid  scales 
and  teeth  ;  Lepidodendron  sp.,  and  CalamiUs  sp. 

4.  In  shale  and  ironstone  nodules  overlying  the  Eight- 

Foot  Coal,  Durie  and   Leven  Collieries,  near 

Leven 1580 

Carbonia  pabulina,  J.  &  K  Associated  with 
species  of  Anthracosiay  Anthracoptera,  and  Anthra- 
comya ;  Spirorbis  carbonariiLS,  Murch. ;  and  Plant- 
remains. 

5.  In  parrot  coal.     Pimie  Colliery,  near  Leven     .        .    2060 

Carbonia  fabulina,  J.  &  K,  C.  Eankiniana, 
J.  &  K.  Associated  with  Megalichthys  Hihberti,  Ag., 
Strepsodus  sauroides,  Ag.,  and  other  fish-remains; 
Anthracomya  sp.  ;  Spirorhis  carbonariics,  and  Plant- 
remains. 
-6.  In  black  shale.     Kiver  Leven,  near  Kirkland  Dam  . 

Carbonia  pabulina,  J.  &  K.  Associated  with 
Anthracomya  sp. ;  and  macrospores. 

7.  In  parrot  coal.     Earl  David's  Parrot  Coal,  Trial  Pit, 

East  Newton,  Wemyss 2163 

Carbonia  pabulina,  J.  &  K. 

S.  In  shale  about   sixty  feet  above  the   Dysart  Coal, 

Wellsgreen  Colliery 2600 

Carbonia  pabulina,  J.  &  K.  Associated  with 
Anthrawsia  robusta  (Sow.). 

CARBONIPEROUS  LIMESTONE  SERIES. 

9.  In  ironstone  bands,  twelve  feet  below  the  Levenseat 
I^imestone,   east   of  Eavenscraig  Castle,  near 

Kirkcaldy 3650 

Carbonia  pabulina,  J.  &  K.  Associated  with 
Galamites  sp. 

10.  In  blackband  ironstone.     Lochgelly  Colliery    .        .    4843 

Carbonia  fabulina,  J.  &  K.  Associated  with 
the  teeth  of  Rhizodus  Hibberti,  Ag. ;  Spirorbis  sp. ; 
and  Lepidostrobus  sp. 

1 1.  In  blackband  ironstone,  above  the  Five  Feet  Coal, 

Hill  of  Beath  Colliery 5400 

Carbonia  fabulina,  J.  &  K.  Associated  with 
Rhizodus  ffibbertiy  Ag.  (teeth),  and  other  fish- 
remains. 
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12.  In  blackband  ironstone.  Coast,  west  of  Httenweem  6688 
Carbonia  fabulina,  J.  &  K.,  C.  Eankiniana, 
J.  &  K.  (robust  examples  of  both  species).  Associated 
with  Leperditia  Scotohirdigalensis  (Hib.)  ;  Anthra- 
comya  Scotica,  Eth. ;  coprolites,  and  LepidodeTidron 
sp. 

18.  In  shale  and  ironstone  bands.     Coast,  west  of  Pitten- 

weem 6798 

Carbonia  fabulina,  J.  &  K.,  and  var  hlmilis,  C. 
PUNGENS,  J.  &  K.,  C.  Eankiniana  (?),  and  C.  sp. 
Associated  with  Leperditia  Scotoburdigalensis  (Hib- 
bert)  ;  Anthracomya  Scotica,  Eth.  ;  Palaeoniscid 
scales  ;  Calymmatotheca  affinis  (L.  &  H.),  and  inacro- 
spores. 

14.  In  ironstone  bands  (in  shale).     Coast,  near  the  east 

end  of  Pittenweem 8079 

Carbonia,  sp.  Associated  with  a  species  of  Bey- 
richia  (the  prevailing  fossil)  and  Leperditia  Scoto- 
Jmrdigalensis  (Hib.),  and  Palaeoniscid  scales  and 
teeth.  - 

15.  In  a  cement-stone  band  and  dark  shale.     Coast,  east 

of  Pittenweem 8180 

Carbonia  Eankiniana,  J.  &  K.,C.subula,  J.  &  K. 
Associated  with  Leaia  Leidyi  (Lea) ;  Myalina  (?) 
modiolifoi'mis,  Brown  ;  Palaeoniscid  scales  ;  and 
Lepidodendron  sp. 

16.  In  an  ironstone  band.     Coast,  east  of  Pittenweem    .     8206 

Carbonia  subula,  J.  &  K.  Associated  with 
Leperditia  Scotoburdigalensis,  a  few  fish-remains, 
and  traces  of  Plants. 

17.  In  shale  and  ironstone  bands.     Coast,  east  of  Pitten- 

weem       8308 

Carbonia  fabulina  and  var  humilis,  J.  &  K,  C. 
Eankiniana,  J.  &  K.,  C.  pungens,  J.  &  K.  Associated 
with  Leperditia  Scotoburdigalensis  (  H  ib. ),  and  Kirkbya 
spiralis,  J.  &  K. 

18.  In  ironstone  nodules.     Coast,  east  of  Pittenweem  8325 

Carbonia  subula,  J.  &  K.,  C.  fabulina,  J.  &  K., 
C.  bairdioides  (?),  J.  &  K.,  C.  Eankiniana  (?),  J. 
&  K.  Associated  with  an  Aviculoid  shell;  and 
Calymmatotheca  affinis  (L.  &  H.). 
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19.  In  dark  shale  and  ironstone  bands.     Coast,  east  of 

Pittenweem     ...  ...    8439 

Carbonia  subula,  J.  &  K,  C.  fabulina,  J.  &  K., 
C.  Rankiniana  (?),  J.  &  K  Associated  with  Caiymr 
matothecxi  ajffinis  (L  &  H.). 

20.  In   dark,   laminated    shale   with    ironstone   bands. 

( 'Oast,  east  of  Pittenweem         ....    8558 
Carbonia  pabulina,  J.  &  K.    Associated  with 
PalaBoniscid  scales  and  teeth,  scales  of  JR/itzodopsis 
sp.  ;  Sjnrorbis  sp. ;  Lqndodendron  sp. ;  and  Ltfido- 
phyllum. 

21.  In  tough  black  shale.     Coast,  west  of  Billow  Ness   .    8816 

Carbonla.  Eankiniana,  J.  &  K.  Associated  with 
the  scales  of  Ehizodus  Hihherti,  Ag.  (encrusted  with 
Spirorhis  sp.),  Pala?oniscid  scales;  Lepidodendron  sp., 
Lepidophyllum,  Carpolithes  sp.,  and  Cydopteris  flabel- 
lata,  Brongn. 

22.  In  ironstone  nodules  in  grey  shale.     Coast,  west  of 

Billow  Ness 8993 

Carbonia  subula,  J.  &  K.,  C.  fabulina,  C.  Ran- 
kiniana, J.  &  K.     Associated  with  traces  of  Plants. 

23.  In  shale  and  ironstone  bands.     Coast,  west  of  Billow 

Ness       • 9090 

Carbonia  subula,  J.  &  K.,  C.  fabulina  &  var 
HUMiLis,  J.  &  K.,  C.  Rankiniana,  J.  &  K.  &  var. 
Associated  with  Ci/therella  exiuherata,  J.  &  K.,  C. 
attemtata,  J.  &  K.,  C.  sp.  indet.,  Beyrichia  sp.,  Cythei^e 
superba,  J.  &  K. ;  and  Myalina  (?)  modioliformis^ 
Brown. 

24.  In   dark   fissile   shale,  underlying   a  cement-stone. 

Coast,  west  of  Billow  Ness       ....    9095 
Carbonia  fabulina,  J.  &  K.     Associated  with 
Cytherella  extuberata,  J.  &  K.,  C.  attenuata,J.  &  K., 
Cytherella  valida,  (?)  J.  &  K.,  Beyi*ichiopsis  (?)  sp., 
Kirkhya  (?)  sp. 

25.  In  ironstone  bands,  in  a  shale  overlying  a  cement- 

stone.     Co£ist,  at  the  west  end  of  Anstruther 

Wester 9460 

Carbonia  fabulina,  J.  &  K.,  C.  subula,  J.  &  K, 

C.  Rankiniana,  J.  &  K.   Associated  with  Cytherella 

attenuata,  (?)  J.  &  K. 

26.  In  a  thin  band  of  calcareous  sandstona     Coast,  at 

the  west  end  of  Anstruther  Wester  .         .    9462 

Carbonia  fabulina,  J.  &  K.,  C.  pungens,  J.  & 
K.  Associated  with  Palseoniscid  scales  and  teeth ; 
Spirorhis  sp.  (large) ;  and  fragments  of  wood. 
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27.  In  an  ironstone  band  (almost  formed  of  the  remains 

of  Ostracoda)  in  sandy  shale.     Coast,  at  the 

west  end  of  Anstruther  Wester  9481 

Carbonia  fabulina,  J.  &  K.,  and  var.,  C.  Rankini- 

ANA,  J.  &  K.,  C.  pungens,  J.  &  K.     Associated  with 

Cytherdla  extuherata,  J.  &  K.,  C,  attenuata,  J.  &  K., 

and  C.  sp.^ 

28.  In  shale  and   thin   ironstones.     Coast,  Anstnither 

Wester 9720 

Carbonia  fabulina,  J.  &  K.  var.,  and  C.  Eankini- 
ANA,  J.  &  K  Associated  with  Cytherella  extuherata, 
J.  &  K. ;  and  the  scales  of  Eurynotus  crenatus,  Ag. 

29.  In  laminated,  black  shale,  with  tough  bands.     Coast, 

Anstruther  Wester 9750 

Carbonia  fabulina,  C.  Eankiniana.  Associated 
with  Cytherdla  extuberata ;  Palaeoniscid  scales ;  and 
the  remains  of  a  thin-shelled  bivalve. 

Had  space  allowed  the  filling  in  of  full  details  of  the  strata 
l^etween  these  horizons,  showing  the  palseontological  changes 
therein  recorded,  this  account  would  have  been  much  more 
instructive.  It  may,  however,  be  explained  that  the  whole 
Carboniferous  series  in  Fife  is  virtually  one  great  formation,  the 
accumulation  of  which  is  apparently  due  to  causes  that  pre- 
vailed right  through,  from  the  deposition  of  the  lowest  beds  to 
that  of  the  highest. 

The  Lower  Carboniferous,  or  Calciferous  Sandstone,  is  one 
long  succession  of  sandstones  (often  false-bedded  and  ripple- 
marked),  shales  with  or  without  ironstone  bands  or  nodules, 
coals  (generally  thin)  and  their  underclays,  and  thin  limestones 
or  cement-stones.  Arrangements  of  these  strata  repeat  them- 
selves two  or  three  times  over  in  every  hundred  feet  in  some 
parts.  In  others  the  sandstones  thicken  out  to  fifty  or  one 
hundred  feet.  Or  the  limestones  do  not  come  in  for  a  much 
greater  distance,  and  the  sandstones  become  broken  up  and 
interstratified  with  the  shales,  so  that  the  section  is  not  much 
unlike  a  bit  of  barren  Coal-measures.  In  some  of  the  shales 
and  ironstones,  and  not  rarely  in  the  cement-stones,  are  numerous 
remains  of  plants, — not  of  many  kinds  certainly,  and  chiefly 

'  A8  an  illnstratiou  of  the  abrupt  way  in  which  these  little  groups  of  species 
}AS8  oat  of  view  for  a  time  and  allow  others  to  come  in,  in  the  Calciferous  Sand- 
stones of  Fife,  it  may  be  pointed  out  that,  while  there  are  no  fossils  in  the  sandy 
^e  in  which  this  inch  band  of  ironstone  occurs,  there  is,  a  foot  or  so  below  it, 
another  ironstone,  two  inches  thick,  filled  with  an  entirely  different  set  of  species, 
'''TZ.—LeperdUia  subreeta  (Portlock),  L.  sp.,  Cytherella  valida,  J.  k  K.,  Bey- 
^iopgis  sp..  Spirorbis  sp.,  Myalina  (?)  modioli/onnis,  Brown,  and  Littorina 
^^<ii(^rdigale7iM8,  Eth. 
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belonging  to  Lepidodendron  and  two  or  three  species  of  fems. 
In  the  sandstones,  or  in  the  shales  above  the  coals,  are  some- 
times the  stools  or  flattened  stems  of  large  trees, — just  as  in  the 
Coal-measures,  though  not  apparently  belonging  to  Sigillaria — 
and  macrospores  are  common  in  some  of  the  dirty  coals.  The 
coals  are  never  of  much  value.  Most  of  them  are  thin,  and 
often  coarse.  But  they  are  constantly  occurring ;  and  in  most 
cases  with  Stiguiariaii  roots  and  rootlets  in  the  bed  below, 
apparently  representing  land-surfaces, — or  something  so  near 
the  surface  of  the  waters  to  allow  of  terrestrial  plant-growth. 

In  the  lower  half  of  this  division  are  numerous  bands  of  a 
Lamellibranch  formerly  supposed  to  belong  to  Myalina^  but 
now  referred  by  Dr  Wheelton  Hind  to  Anthracomya  or  Xaiadite^, 
a  common  Coal-measure  genus.  This  shell  generally  occurs  in 
great  numbers ;  often  without  other  moUusca,  but  sometimes  in 
the  same  cement-stone  as  a  species  of  Schizodus  and  shells  of 
other  marine  genera.  Anthracosia  is  also  represented  by  one  or 
two  species,  but  much  more  sparingly,  and  only  in  the  lowest 
beds.  Besides  the  Carbonice  forming  the  subject  of  this  paper, 
there  are  other  Ostracoda,  either  marine  or  estuarine,  that  occur 
in  great  quantities  in  the  cemeiit-stones  and  darker  shales,  these 
strata  being  sometimes  literally  filled  with  their  remains  for  two 
or  three  feet.  The  almndance  of  such  minute  fossils  is  a  special 
feature  in  the  Lower  Carboniferous  rocks  of  Fife,  and  more 
particularly  in  the  lowest  thousand  feet. 

Besides  these  animal  and  vegetable  remains,  there  repeatedly 
appear  zones  of  undoubted  marine  fossils  im1>edded  in  certain 
of  the  cement-stones,  or  in  calcareous  shales.  A  species  of 
Schizodus  is  generally  present  in  these  zones  in  the  lower  portion 
of  the  division ;  and  with  it  are  various  species  of  Ortlwcera^, 
Nautilus^  Belleroplion,  Murchisonia,  MacrocJieilKS,  Loxontma, 
NaticopsiSy  Aviculopeden,  Lcda,  Nxicula^  Sanguinolites,  Lhigfnla^ 
and  other  mollusca,  along  with  a  small  coral  (Stenopora)y  and 
several  Ostracoda.  Lamellibranchs  and  Gasteropoda  are  the 
prevailing  fossils;  Brachiopods  being  veiy  rare,  LingxiU^  ex- 
cepted. Higher  in  this  series  Brachiopods  appear  in  greater  force 
in  a  thick  bed  of  shale  and  calcareous  bands.  Species  olAtkyris, 
Discina,  Produchis,  Spiri/erina,  and  Sireptorhipu'hvs  are  found 
in  this  stratum,  along  with  many  Lamellibranchs,  Gasteropods, 
and  Cephalopods,  as  well  as  Crinoid  remains.  Nearly  all  the 
species  are  well-known  Carboniferous  Limestone  fossils,  and 
many  of  them  here  appear  for  the  first  time.  Higher  stiU  are 
four  other  marine  zones  with  fossils  nearly  all  common  to  the 
Carboniferous  Limestone,  those  peculiar  to  the  Calciferous  Santl- 
stone  having  all  dropped  out  of  sight  except  one — Sanguinolitts 
Abderisis. 
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Less  than  one  hundred  feet  above  the  highest  marine  zone 
just  mentioned,  and  coming  in  in  regular  succession,  is  a  lime- 
3tone  fully  twelve  feet  thick  (containing  corals,  brachiopods  and 
other  fossils),  which  is  taken  as  the  base  of  the  Carboniferous 
Limestone  Series  by  the  Geological  Survey.  Above  it  follow 
about  350  feet  of  sandstones  and  shales,  with  five  or  six  coals 
and  fireclays,  and  three  more  marine  limestones,  as  well  as  a 
thick  shale  fuU  of  encrinites  and  other  fossils.  The  coals  come 
in  at  various  horizons,  the  highest  being  four  feet  thick  and  of 
feir  quality.  Zepidodendron  and  Stigmaria  are  found  in  the 
sandstones  and  fireclays,  and  macrospores  in  the  coaly  shales. 

The  workable  coals  and  ironstones  of  the  Carboniferous 
Limestone  come  on  next,  forming  a  fine  series  of  Coal-mejwures, 
of  fully  more  commercial  importance  than  the  true  Coal- 
measures  nearly  2000  feet  above ;  for  many  of  the  seams  are 
thick  and  of  good  quality.  Vegetable  and  fish-remains,  along 
with  Carbonice^  are  the  characteristic  fossils. 

These  are  succeeded  by  another  set  of  sandstones,  shales,  and 
thin  coals  (as  well  as  two  parrot  coals  of  some  value),  that 
aggregate  about  1000  feet  in  thickness.  Three  marine  limestones 
and  one  shale  are  intercalated  among  them,  the  highest  of  the 
former  being  the  Levenseat  Limestone,  which  forms  the  top  of 
the  Carboniferous  Limestone  Series. 

Seven  to  eight  hundred  feet  of  measures  follow,  representing 
the  Millstone-grit.  They  are  mainly  siliceous,  some  of  the 
thicker  sandstones  being  coarse  and  gritty ;  but  there  are  some 
shales  and  fireclays,  as  well  as  thin  coals  of  no  commercial 
value.  No  marine  beds  have  been  observed  in  this  division  in 
Fife,  though  such  are  present  elsewhere. 

Then  come  on  the  Coal-measures,  which,  including  the  upper 
red  beds,  are  about  2500  feet  in  thickness.  The  workable  coals 
are  all  in  the  lower  portion,  the  lithology  of  which  is  that  of 
ordinary  coal-bearing  strata.  There  are  eight  or  nine  thick 
coals,  besides  a  number  too  thin  or  poor  to  work.  Plants  and 
fish-remains,  moUusca  belonging  to  Anthracosia,  Anthracomya^ 
&c. ;  Spirorbis  and  Carbonia,  are,  as  usual,  the  common  fossils. 
Forming  the  roof  of  the  highest  coal,  and  a  little  below  the 
red  beds,  there  is  a  shale  containing  species  of  Discites,  Ortho- 
cmis,  BelleropJum,  Murchisonia^  Productus,  Lin^ula,  and  other 
moUusca,  as  well  as  the  remains  of  crinoids,  fishes,  and  plants 
(traces).  This  is  the  only  marine  zone  known  in  this  division, 
and  thus  the  highest  in  the  Carboniferous  Series  of  Fife.  The 
900  feet  of  strata  forming  the  top  beds  of  the  Coal-measures 
are  highly  coloured.  Most  of  the  sandstones  are  red,  and  the 
ahales  and  marls  of  the  same  tint,  or  variegated  with  it  and 
yellow  and  purple.      Some  bands  of  impure  limestone  come 
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in  near  the  centre  of  these  beds,  and  with  them  two  coals,  three 
or  four  inches  thick,  resting  on  fireclays  full  of  Stigmarian 
rootlets.  In  the  roof  of  the  uppermost  coal  are  numerous  plant- 
remains,  as  well  as  those  of  fish — Megalichthys  and  Strepsodus, 
and  of  crustaceans — EurypteruSy  Prestwichia,  and  BdUnurvs, 
These  are  the  highest  and  last  traces  of  Carboniferous  vegeta- 
tion  and  animal  life  seen  in  Fife. 

Altogether  there  are  nearly  120  coals — counting  all  sorts — 
in  the  9000-10,000  feet  of  strata  composing  this  Carboniferous 
series ;  the  upper  900  feet  being  the  portion  containing  the 
fewest. 

Of  marine  beds  twenty-five  are  known,  and  they  range  firom 
near  the  base  (as  known  in  Fife)  to  within  about  950  feet  of  the 
top  of  the  series ;  though  only  one  occurs  in  the  thick  mass  of 
strata  lying  above  the  Levenseat  Limestone.^ 

Thix)ugh  the  whole  of  this  mass  of  strata  there  are  no  signs 
of  unconformity,  or  of  anything  indicating  a  thorough  change, 
either  in  the  sediments  deposited,  or  in  the  manner  in  which 
they  were  put  down, — further  than  changes  that  come  into  view 
in  the  first  few  hundred  feet  of  the  lower  measures.  The  thin 
coal  with  its  vegetable  debris  and  spore-cases  above  and  Stigmaha 
in  the  underclay  below,  when  contrasted  with  the  cement-stone 
full  of  marine  shells,  probably  marks  the  extreme  changes  in 
physical  conditions  that  obtained  during  the  whole  period  in 
this  area,  so  far  at  least  as  relates  to  sedimentary  strata.^  These 
changes  occur  so  often,  and  are  so  continued,  as  to  characterise 
the  series  as  a  whole  rather  than  a  part,  and  are  thus  of  little 
use  for  divisional  purposes.  Tlie  division  of  the  strata  into 
groups  is  more  a  matter  of  convenience  than  a  mark  of  any 
important  difference  in  the  lithology,  or  in  the  conditions  that 
controlled  the  depositions  of  the  masses  of  the  strata  so  divided. 
Palaeontological  differences  there  are  (as  well  as  palseontological 
continuity)  when  far-apart  strata  are  compared ;  for  probably 

^  Possibly  there  are  other  marine  strata  in  these  upper  measures  not  yet  dis- 
covered in  Fife,  as  marine  moilusca  are  recorded  from  two  horizons  in  the  Mill- 
stone-grit, and  from  four  in  the  Coal-measures  of  Lanarkshire.  See  Geol.  Sorr. 
of  Scotland,  Explan.  Sheet  23,  pp.  23,  91,  92  ;  and  Explan.  Sheet  31,  pp.  74,  75, 
80.  In  the  Edinburgh  memoir  of  the  Geological  Survey  of  Scotland  (p.  150)  it  is 
stated  that  Productus  aemireticulcUuSj  Lingula  mytiloides,  and  species  of  Modiola 
McLcrocheilua  and  SerpiUa  were  found  in  the  Millstone-grit  of  Fife,  by  Mr  R. 
Gibbs,  in  1860.     No  reference  is  mode  to  locality. 

^  No  volcanic  rocks  are  included  in  this  account  as  none  are  seen  in  the  sections 
on  which  it  is  based,  either  interstratified  or  intrusive.  So  far  as  it  goes  (as  before 
remarked,  neither  the  lowest  nor  vet  probably  the  highest  Carboniferous  strata 
are  seen  in  Fife),  the  sections  chosen  very  likely  represent  the  sedimentary 
deposits  of  this  area  and  i)eriod  at  their  maximum  development ;  the  Calciferous 
Sandstones  in  tlie  west  of  the  county  not  appearing  to  be  so  thick ;  and  the 
workable  portion  of  the  Coal-measures  becoming  thinner  to  the  east 
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most  of  the  plants  as  well  as  a  fair  proportion  of  the  animal 
fossils  of  the  lowest  beds  are  not  present  in  the  upper.  Time 
evidently  told  in  its  long  lapse  (as  the  Carboniferous  rocks  were 
being  accumulated)  among  other  species,  if  it  did  not  with  the 
Carbonios, 

It  is  in  this  thick  and  unbroken  series  of  strata  that  species 
of  Carbonia  occur  in  the  manner  described,  at  the  various 
horizons  given  in  the  preceding  account.  These  occurrences 
have  come  under  my  own  observation,  and  all  are  in  Fife.  But 
a  similar  association  or  intermixture  of  species  evidently  obtains 
in  the  Lower  Carboniferous  of  other  districts ;  for  the  following 
lists  of  Ostracoda  are  from  material  collected  by  the  oflScers  of 
the  Geological  Survey. 

TwEEDEN  Burn,  Roxburghshire. 

Carbonia  fabulina,  J.  &  K. 
Leperditia  Okeni  (Mlinster). 
Bairdia  plebeia,  Eeuss. 
B.  sp. 
Cytherella  sp. 

Left  Bank  of  Linnhouse  Water,  near  Midcaldbr, 
Linlithgowshire. 

Carbonia  fabulina  and  vars. 
Leperditia  Scotoburdigalensis  (Hibbert). 
Beyrichiopsis  (?)  sp. 
Argilloecia  aequalis,  J.  &  K. 
Bythocypris  cuneola,  J.  &  K. 

Craigkelly  Quarry,  near  Burntisland,  Fife. 

Carbonia  fabulina,  J.  &  K 

subula,  J.  &  K. 

Cythere  superba,  J.  &  K 

Leperditia  Scotoburdigalensis  (Hibbert). 

L  sp. 

MiDGY  Holes,  No.  2,  Northumberland. 

Carbonia  fabulina,  J.  &  K. 

leperditia  Scotoburdigalensis  (Hibbert). 

— Okeni  (Munster). 

subrecta  (Portlock). 

Cytherella  extuberata,  J.  &  K. 
Beyrichiopsis  sp.  (large). 
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It  may  be  stated  at  once  that  there  cannot  be  a  doubt  about 
Carbonia  having  supplied  the  most  nearly  freshwater  group  of 
species  among  the  Ostracoda  of  this  time.  The  fossils  always 
associated  with  it  in  the  Coal-measures,  as  well  as  in  the  Car- 
boniferous Limestone  series  (Spirorbis  carhonarvus  excepted), 
are  such  as  may  have  lived  in  fresh  water,  or  at  least  in  such 
as  was  not  fully  salt.  The  fish-remains,^  shells  of  the  Anthra- 
cosidae,  and  plants  all  point  that  way.  And  where  marine  beds 
do  come  in,  in  either  of  these  divisions,  Carbonia  is  not  in 
them. 

But  the  same  cannot  be  said  when  its  occurrences  in  the 
Lower  Carboniferous  strata  are  examined.  For,  though  it  is 
found  there  with  similar  fossils  on  some  occasions,  it  is  at  other 
times  associated  with  Ostracoda  of  marine  habit.  Reference  to 
the  preceding  list  will  show  that  species  of  Leperditia,  CytherMa, 
Beyrichiopsis,  and  Kirkhya  occur  repeatedly  with  Carbonice. 
These  are  all  wliat  may  be  termed  "marine"  genera,  the 
representatives  of  which  in  nearly  every  case  are  found  along 
with  mollusca  equivalent  or  analogous  to  forms  that  live  in 
existing  seas.  Some  may  have  been  estuarine  (Leperditia 
ScotoburdigaJemis,  for  example),  and  probably  most  of  them 
belonged  to  comparatively  shallow  water. 

The  List  below  sums  up  the  Carbonic^  and  Marine  Ostracoda 
that  occur  together  in  the  Lower  Carboniferous  strata. 

Carbonia  fabulina,  Jones  &  Kirkby. 

Kankiniana,  J.  &  K. 

subula,  J.  &  K. 

pungens,  J.  &  K. 

bairdioides  (?),  J.  &  K. 

Leperditia  Scotoburdigalensis  (Hibbert). 

Okeni  (Miinster). 

subrecta  (Portlock). 

Cytherella  extuberata,  J.  &  K. 

attenuata,  J.  &  K. 

valida  (?),  J.  &  K. 

Beyrichiopsis  sp. 

^  Though  Fish-remains  are  not  characteristic  fossils  in  the  Lower  Carhoniferons 
marine  Mds,  scales  and  teeth  of  the  smaller  Ganoids  are  not  of  uncommon 
oocurrenoe  in  some  of  the  cement-stones  ;  and  now  and  then  tlie  larger  scales  of 
Megalichtkys  are  present,  but  only  rarely.  Rhizodus  Hihberti  scarcely  ever  occurs 
in  such  company.  I  have  only  once  seen  the  remains  of  this  large  sauroid  near 
nuuine  moUusca,  and  then  rather  just  below  than  among  them,  although  in  the 
same  cement-stone.  But  its  bones,  scales,  and  teeth  are  found  sometimes  amidst 
swarms  of  L^erditia  ScotohirdigalensU,  which  in  this  paper  is  taken  to  be  of 
either  estuarine  or  marine  habit.  The  teeth  of  Sirepsoaiis  and  Diplodiia^  as 
well  as  the  scales  of  Rhvcodopais  and  of  small  Ganoids,  are  also  met  with  along 
with  Lingula,  Murchiaonia,  and  Belleraphon  in  a  marine  shale  in  the  Coal- 
measures.     Possibly  some  of  these  fishes  lived  as  well  in  salt  water  as  in  fresh. 
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Kirkbya  spiralis,  J.  &  K. 
Cy there  (?),  superba.  J.  &  K. 
Argilloeeia  aequalis,  J.  &  K. 
Bythocypris  cuneola,  J.  &  K. 
Bairdia  plebeia,  Beuss. 

For  the  purpose  of  showing  the  company  in  which  these 
marine  associates  of  CarbonicB  are  at  other  times  found,  and 
among  which  they  are  individually  abundant  and  well  developed, 
I  add  the  four  following  lists  of  Ostracoda,  from  beds  in  the 
Calciferous  Sandstones  of  Fife,  as  to  the  marine  origin  of  which 
there  can  be  no  dispute.  Those  elsewhere  associated  with 
Oarbonue  are  bracketed  at  the  top  of  e^ch  list. 

Lists  of  Ostracoda,  showing  the  occurrence  of  thk 
Marine  species  of  the  previous  Lists  with  othbb 
Marine  Associates. 

Limestone  No.  Suy  Rayiderstone,  Fife, 

C  Leperditia  Scotoburdigalensis  (Hibl)ert). 
\  Kirkbya  spiralis,  Jones  &  Kirkby. 
^  Oytherella  extuberata,  J.  &  K. 

\ attenuata,  J.  &  K. 

Associated  with  marine  moUusca: — Schizodns  SaUeri, 
and  Murchisonia  sp, 

Fife  Coast,  Billow  Ness.     Cement-done  and  Dark  Shale. 

Leperditia  Scotoburdigalensis  (Hibbert). 

Kirkbya  spiralis,  J.  &  K. 

Oytherella  extuberata,  J.  &  K. 

attenuata,  J.  &  K. 

Beyrichiopsis  sp. 

Beyrichia  cratigera  (?),  Brady. 

Associated  with  marine  moUusca: — Lingula  squami- 
f or  mis,  Phillips ;  Schizodv^  Salteri,  Eth. ;  Myalina(\) 
modioliformis,  Brown ;  and  Littorina  (?)  Scotoburdi- 
galensis, Eth.  ;  and  the  remains  of  Ganoid  fishes. 

"  Encrinite  Bed,''  Fife  Coast,  ea^t  of  Pittenweem.    Grrey  Stvale  with 
Calcareous  and  Ironstone  Bands, 

{Leperditia  Scotoburdigalensis  (Hibbert). 
Oytherella  attenuata  (?),  J.  &  K. 
Leperditia  Okeni  (MUnster). 
Kirkbya  Urei,  Jones. 
Permiana,  Jones. 
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Cytherella  valida,  J.  &  K. 

Bairdia  plebeia,  Keuss. 

Hisingeri  (Miinster). 

amputata,  Kirkby. 

subelongata,  J.  &  K. 

brevis,  J.  &  K. 

and  other  species  of  Ostracoda. 
Associated  with  many  marine  moUusca,  including  species 
of  OrthoceraSf  Bellerophon,  LowoTiema,  Pleurotomaria, 
AvictUopecten,  Leda,  NtunUa,  Athyris,  Productus^  &c., 
&c. ;  along  with  numerous  crinoidal  remains. 

Limestone  No.  8,  Banderstorie,  Fife. 

C  Kirkbya  spiralis,  J.  and  K. 
J  Cytherella  extuberata,  J.  and  K. 
^  Beyrichiopsis  (?)  sp. 
(.  Leperditia  Okeni  (Miinster). 
Kirkbya  plicata,  J.  and  K. 
Bairdia  plebeia,  Eeuss. 

Hisingeri  (Miinster). 

siliquoides,  J.  and  K. 

Macrocypris  Jonesiana,  K. 

and  other  species  of  Ostracoda 
Associated  with  marine  moUusca: — Orthoceras  sp.,  Lit- 
toriiia  (?)  Scotoburdigalensis,  Eth.  ;  MacrocheilTis 
striatuhts,  Kirkby ;  Murchisonia  Kirkbyiy  Donald ; 
Myalina  (?)  modioHformiSy  Brown ;  Schizodics  Safteri, 
Eth.,  &c.;  also  Archa^ocidaris  sp. 

Hence  it  seems  to  be  clear  that  in  these  Lower  Carboniferous 
strata  it  is  not  uncommon  to  find  Carbonia  associated  with 
marine  types.  The  inst&nces  given  should  suffice  to  prove  this, 
though  others  might  have  been  added. 

Of  course  carapaces  or  detached  valves  of  Carhonice  (like 
those  of  existing  freshwater  9pecie8)  may  have  been  drifted 
seaward,  and  so  mixed  with  marine  forms  of  life  in  marine  or 
estuarine  deposits,  just  as  vegetable  remains  must  have  been 
carried  away  from  where  they  grew  and  imbedded  in  the  same 
or  similar  deposits.^  Some  of  the  instances  quoted  of  such 
intermixture  are  possibly  due  to  this  cause,  for  organisms  so 
minute  might  easily  be  transported  by  currents.  Still,  I  think, 
the  association  of  species  of  Carbonia  with  marine  types  occurs 

^  A  somewhat  analogous  phenomena  may  be  recognised  in  the  commingling  of 
land-shells  with  the  sands  of  the  sea-shore,  and  with  the  foraminifera  blown  up 
from  the  strand,  on  the  north  and  north-west  coasts  of  Ireland,  as  described  by 
Mr  B.  Welch  in  the  Irish  Naturalist,  vol.  vii.,  No.  3  (1898),  pp.  77-82. 
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too  often  to  be  altogether  accidental.^  As  a  rule  they  are  fairly 
numerous  when  in  such  company,  sometimes  as  much  so  as 
their  marine  associates.  Their  valves  are  also  as  often  united 
as  single,  and  altogether  they  quite  give  one  the  idea  of  bein^ 
at  home  where  they  are  found. 

The  presence  of  vegetable  remains  in  a*  deposit  may  or  may 
not  indicate  a  freshwater  origin  for  it  Much  depends  on 
other  evidence.  They  certainly  are  common  fossils  in  the 
Calciferous  Sandstones  in  Fife, — and  mainly  in  a  fragmentary 
state.  They  occur  in  all  kinds  of  strata:  in  the  thin  lime- 
stones or  cement-stones,  as  well  as  in  shales  and  fireclays  ;  and 
associated  with  marine  fossils,  as  well  as  with  others  of  possible 
freshwater  habitats.  Broken  stems  encrusted  with  Spirorbis  are 
found  in  the  "Encrinite  Bed"  at  Pittenweem,  along  with  a 
purely  marine  fauna ;  and  at  Eanderstone  Castle  a  limestone, 
crowded  with  fossils  belonging  to  Murchisoniay  Macrocheilvs, 
OrthoceraSf  &c.,  contains  Lepidodendro7t,  Stigmariay  and  much 
broken-up  vegetable  matter.  And  so  in  several  other  instances 
plants  and  undoubted  marine  fossils  are  found  together  in  the 
same  stratum;  so  that  the  finding  of  vegetable  remains  in  a 
Calciferous  Sandstone  deposit  does  not  by  any  means  prove 
that  either  the  animal  fossils  associated  with  them  belonged 
to  fresh  water,  or  that  the  deposit  itself  had  a  freshwater 
origin. 

There  can  be  no  doubt  that  land  of  some  sort,  either  diy  or 
half-submerged  (and  probably  not  at  all  permanent)  was  never 
far  off  during  the  whole  of  the  Lower  Carboniferous  period. 
That  this  land  was  clothed  with  vegetation  is  e\'ident  from  the 
numerous  thin  coals  resting  on  underclays  containing  Stigmaria. 
So  that,  when  marine  conditions  prevailed  over  such  areas  as 
were  estuarine  or  freshwater,  it  would  generally  be  an  easy 
matter  for  water-logged  vegetable  drift 'to  become  intermingled 
with  the  animal  life  on  the  sea-bottom. 

Bearing  on  the  question  of  the  lacustrine  character  of 
Carbonia,  as  held  by  ray  friend  Dr  John  Young,  it  may  be 
pointed  out  that  where  its  species  occur  in  strata  by  themselves, 
or  at  least  without  the  company  of  marine  forms,  they  are  at 

^  As  a  probable  instaiieo  of  drifted  specimens  it  may  be  mentioned  that  amoDg 
the  Ostracoda  from  a  marine  cement-stone  opposite  Anstruther  Wester  ars 
single  specimens  of  fonns  not  distinguishable  from  Carbatiia  fabulina  and 
(7.  subula.  And  carapaces  that  look  like  C.  /cUmlina  now  and  then  turn  op  in 
suites  of  marine  Ostracoda  from  the  Carboniferous  Limestone  series.  Such 
specimens  have  been  noticed  by  Prof.  Jones  and  myself  from  Braehead,  Laoark- 
shire  ;  Dowgill,  Yorkshire  ;  and  in  a  set  from  the  Carboniferous  Limestone  of 
Soignies,  E^lginm.  Some  of  these,  of  course,  may  belong  to  an  miknowii 
species,  whose  carapace  simulates  that  of  the  Carbonia  named.  They  all  appear 
to  be  exceedingly  rare. 
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times  in  very  close  contiguity  to  beds  full  of  marine  fossils. 
An  example  of  this  is  given  in  the  following  section  of  Calci- 
ferous  Sandstones  exposed  on  the  coast  to  the  west  of  Billow 
Ness.  The  first  inch  or  more  of  the  shale  No.  8,  immediately 
above  the  limestone,  is  crowded  with  the  carapace  valves  of  the 
marine  Ostracod^  Beyrichiopsis  fimbriata,  J.  and  K.  The  next 
twelve  inches  of  shale  appear  to  be  barren  of  fossils.  Then 
come  one  or  more  layers  of  ironstone  nodules  with  the  three 
species  of  Carhonia  named  below,  along  with  stray  fragments 
of  the  fern  GalynimcUotheca  afflnis  (L  &  H). 

Feet.     In. 

1.  Sandstone 6         0 

2.  Grey  shale 6         0 

3.  Dark,    tough    shale    with    ironstone    nodules : 

Carhonia  fabiUinaj  C.  Bankinianay  and  C, 
mbida  in  nodules  18  inches  above  the  lime- 
stone; and  Beyrichiopsis  fimbriata  in  the 
lowest  portion  of  the  shale  ....         3         0 

4.  Grey  limestone  or  cement-stone  :  full  of  marine 

fossils,  such  as  Bdlerophon  decussaJtus^  Murchi- 
sonia  striatula^  Leda  attenuata,  Sanffuinolites 
Abdensis,  LeperdUia  Okeni,  Beyrichiopsis  Jim- 
briata,  &c 1         0 

5.  Black  shale.      Palaeoniscid    scales    and  plant- 

remains       0         8 

0.  Coal 0         3 

7.  Fireclay.     Stigmarian  roots  and  rootlets     ..26 

8.  Purple-grey  shale,  with  large  flattened  stems  2        6 

9.  Sandstone 8         0 

Another  example  of  this  stratigraphical  juxtaposition  of 
Carhonia  to  marine  beds  occurs  near  the  top  of  the  Carboni- 
ferous Limestone  series  on  the  coast  between  Dysart  and 
Ravenscraig  Castle.  Carhonia  fabulina  (associated  with 
Calamites  sp.)  is  there  found  in  the  ironstone  bands  of  a  grey 
shale,  separated  by  6  feet  of  sandstone  from  the  marine  shale 
lying  below  the  Levenseat  Limestone.  These  latter  strata — 
the  limestone  with  the  shales  below  and  above  it — are  over 
20  feet  in  thickness,  and  contain  many  species  of  marine 
mollusca  belonging  to  Orthoceras,  Goniatites^  Pleurotomaria, 
Spiriferi^ia,  and  other  genera. 

Dr  John  Young,  of  Glasgow,  in  a  letter,  remarks  that  it  may 
be  interesting  to  point  out  one  series  of  the  changes  from 
*'  freshwater  "  to  "  marine  "  strata  that  have  taken  place  during 
the  deposition  of  the  Lower  Limestones  of  the  Campsie  district ; 
such  as  are  known  from  old  workings  and  from  the  details  of 
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borings.     He  gives  the  following  list  of  beds,  in   descending 
order,  observed  in  one  of  the  bores. 

Fath.      Ft. 

1.  Bluish  grey  shales.    Marine  ....  22        2 

2.  Campsie  Main  Limestone.    Marine        .  0  4  to  H 

3.  Alum  shale.     Marine 0  2  to  4 

4.  Campsie  Main  Coal.    Land-growth  0  4  to  5 

5.  Under-  or  fire-clay.     With  Stigmaria     .         .  0  1  to  3 

6.  White  limestone.     Lacustrine ;  Carbonia  and 

Spirorbis 0    4  to  5 

These  show,  at  Campsie,  that  changes  from  lacustrine  and 
terrestrial  to  marine  took  place  during  the  formation  of  about 
12  feet  of  strata,  of  thin-bedded  sandstone,  coal,  fire-clay  and 
limestones  (lacustrine  and  marine). 

The  lowest  of  these  (6)  begins  with  a  lake  deposit^  with 
Carbonia,  Spirorbis^  and  some  Ganoid  Fishes. 

(5)  Indicates  the  lake  becoming  a  land-surface. 

(4)  Growth  of  coal-forest,  known  to  extend  over  a  wide 
district. 

(3)  A  rich  alum-shale,  with  fossils  marine  and  brackish. 

(2)  A  richly  organic  marii^e  (deep-sea)  limestone. 

(1)  Shales,  marine,  indicating  shallower  and  muddy  seas. 

A  very  clear  instance  of  the  same  thing  has  lately  been  given 
by  Mr  J.  Smith,  of  Kilwinning,  in  the  Oeological  Magazine  of 
November  last.  He  there  publishes  a  section  of  Lower  Car- 
boniferous Limestone  strata  to  show  the  position  of  a  bed  of 
freshwater  Ostracoda,  discovered  by  him  in  the  Gurdy  cutting 
of  the  railway  from  Giffen  to  Kilbimie.  The  section  is  given 
below,  and  Mr  Smith  having  favoured  T.  K.  Jones  and  myself 
with  a  series  of  the  Ostracoda,  the  names  of  the  species  are  here 
given. 

Ft   In. 

1.  Highest  marine  limestone  seen  in  the  cutting 

2.  Black  shale,  tough 18 

3.  Dark  shale     .         .  .         .         .  .         0    8 

4.  Dark  shale,  crowded  with  "  freshwater  "  Ostracoda : 

Oarbonia  fabtdina  and  varieties,  C,  Rankiniana 
and  variety,  C.  secans,  C.  pungens,  and  Beyrichia 
arcuata  ^  (Bean) 0    9 

5.  Dark  shale 16 

6.  Sandstone  with  Stigviaria 3    6 

7.  Thick  bed  of  dark  shale  with  an  abundance  of  marine 

fossils 

8.  Limestone  with  marine  fossils 

^  A  common  species  in  the  Coal-measures. 
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It  will  be  observed  that  the  shale  No.  4,  which  is  full  of 
Carhonice^  is  only  5  feet  above  one  marine  horizon,  and  rather 
more  than  2  feet  below  another  marine  horizon. 

Such  instances  as  the  preceding  could  easily  be  added  to, — 
from  the  Calciferous  Sandstones  certainly,  and  I  dare  say  from 
the  Carboniferous  Limestone  Series  as  welL  They  do  not,  of 
course,  prove  that  the  conditions  were  exactly  the  same  when 
the  marine  beds  and  those  containing  the  Carhniicc  were  de- 
jMjsited.  The  sea  may  have  spread  over  the  area  in  the  one 
case,  and  brackish  or  fresh  water  in  the  other, — and  most  likely 
did.  But  they  certainly  show  that  such  freshwater  conditions 
could  not  have  been  lacustrine,  and  due  to  such  as  would  prevail 
in  an  isolated  or  inland  lake-basin ;  but  rather  what  we  might 
expect  to  find  where  great  rivers  discharged  into  the  sea, 
spreading  their  sediments  in  the  form  of  deltas,  with  their 
l)robjibly  brackish  lagoons,  over  wide  areas  of  a  nearly  constantly 
subsiding  bottom. 

By  looking  at  the  subject  in  this  light,  it  is  more  easy  to 
understand  the  presence  of  limestones  and  shales  containing 
marine  fossils  lying  so  near  to  shales  and  ironstones  whose  only 
fossils  are  Carbonice-  and  plants ;  as  well  as  the  intermixture  of 
Carbonice  with  Ostracoda  that  at  other  times  are  found  associated 
with  marine  Mollusca.  For  in  such  areas  there  would  be  the 
river  with  freshwater  forms  of  life  and  conditions  on  the  one 
handy  and  the  sea  with  marine  forms  of  life  and  conditions  on 
the  other.  In  times  of  flood,  or  when  subsidence  was  slight  (or 
wanting),  the  former  would  advance  seaward;  but  at  other 
times,  when  depression  exceeded  the  deposition  of  sediment, 
marine  conditions  and  life  would  extend  landward  and  overlaj> 
the  sand,  mud,  and  silt  with  the  vegetable  and  animal  remains 
that  the  river  (or  rivers)  had  previously  put  down.  This  indeed 
seems  to  be  the  only  way  in  which  to  account  for  so  great  an 
accumulation  of  shallow-water  deposits  and  coal-growths,  along 
with  the  continued  repetition  of  strata  containing  marine  fossils. 

So  far,  then,  as  1  can  read  the  evidence,  the  Carbonice  in  the 
earlier  days  of  their  history  often  lived  in  the  rivers,  or  in 
the  quiet  backwaters,  lagoons,  and  swamps  of  the  river-deltas 
of  the  liower  Carboniferous  period  as  fluviatile  Ostracoda.  At 
other  times  they  lived  in  brackish  or  salt  water,  in  company 
with  estuarine  and  marine  types  of  the  same  tribe, — just  as 
certain  recent  Cypridcc  associate  with  species  of  Cythere  and 
other  marine  genera  in  the  estuaries,  and  in  the  pools  of  the 
salt  marshes  of  Noi-thumberland  and  Durham,  and  other 
districts  at  the  present  thne.^    In  the  later  portion  of  their 

^  See  Dr  G.  8.  Brady  in  Trans.  Nat.  Hist.  Northunib.  and  Durham,  vol. 
iii.,  1868  ;  and  Ann,  Mag.  Nat.  Hist.,  July  1870. 
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history,  in  the  Coal-measure  time,  they  possibly  did  not  range 
out  of  fresh  waters,  as  none  of  them  are  known  to  accompany 
the  fossils  of  the  marine  zones  of  that  formation.  They  may 
thus  be,  notwithstanding  their  earlier  latitudinarianism  as  to 
habitat,  very  likely  about  the  earliest  forerunners  known  of  the 
present-day  Cypndes, 

Of  course  in  all  that  has  been  said,  I  have,  for  my  part,  been 
referring  mainly  to  what  is  seen  in  the  Carboniferous  rocks  of 
Fife,  and  scarcely  at  all  as  to  what  is  to  be  observed  in  the 
same  rocks  in  the  West  of  Scotland.  Though  it  seems  reason- 
able to  assume  that,  if  Carhonia  was  not  lacustrine  in  the  one 
district,  it  is  scarcely  likely  to  have  been  so  in  the  other. 
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LV. — The  Felspars  Present  in  Sedimentary  Rocks  as  Indicators 
of  the  Conditions  of  Contemporaneous  Climate.  By  Wm. 
Mackie,  M.A.,  M.D.     (Plate  XXVI.) 

(Read  7th  April  1898.) 

In  February  of  last  year,  in  a  paper  read  before  the  Literary 
Institute,  Nairn,  I  called  attention  to  variations  in  the  state  of 
preservation  of  the  felspar  fragments  included  in  the  sandstones 

Variations  of  the       ^/  ^*i?.  9^"^  ^^^  *?^  Eeptiliferous  rocks  of 
felspars  observed  in     the  Elgin  area,  and  suggested  as  a  possible 
the  sedimentary        explanation  of  the  differences  obsei'ved,varia- 
rocks  of  Moray.         tions  in  the  conditions  of  clunate  in  the  periods 
represented  by  the   different   beds.      Since  then  I  have  gone 
a  little  more  fully  into  the  subject,  and  am  now  in  a  position  to 
examine  somewhat  more  critically  the  thesis  that — tJte  conditions 
of  the  felspars  present  in  sedimentary  rocks  may  yield  important 
evidence  regarding  the  climatic  conditions  tlmt  prevailed  during 
the  period  of  their  deposition ;  and,  further,  to  indicate  briefly, 
on  the  strength  of  more  determinate  results,  the  particular  con- 
ditions that  appear  to  have  obtained  during  such  of  the  geological 
periods  as  are  represented  in  the  north  of  Scotland  by  unaltered 
sedimentary  deposits. 

Little,  apparently,  has  been  done  in  this  line  of   research, 
though   the   question    raised    cannot    be    said   to   be    exactly 
new.      As  early  as   1879  the  oflBcers   of  the  Geological  Sur- 
vey  of  India  ^   had   noted   the   occurrence   of   undecomposed 
L'te   tur  felspars  in  the  Talchir  and  Panchet  beds  of 

that  country.  In  the  case  of  the  former, 
from  the  nature  of  the  associated  deposits  they  inferred  the 
opei^ation  of  ground-ice  on  the  land-surface  of  the  period  repre- 
sented by  these  rocks.  Since  then  they  appear  to  have  come  to 
the  conclusion,  on  the  strength  of  tlie  undecomposed  felspars 
alone,  that  the  recurrence  of  a  cold  spell  is  also  indicated  during 
the  deposition  of  the  latter  beds.  In  1896,  G.  P.  Merill,^  as 
shown  by  a  paper  contributed  to  the  Geological  Society  of 
America,  had  independently  arrived  at  similar  results  from  a 
survey  of  some  of  the  sedimentary  rocks  of  New  England; 
while  Professor  Judd,  in  a  report  on  the  deposits  of  the  Nile 
delta,^  communicated  to  the  Eoyal  Society  in  1885,  had  specified 

1  *' Manual  of  the  Geology  of  India,"  pp.  112,  132.  Medlicott  &  Blandford, 
1879. 

^  I  have  not  been  able  to  consult  this  paper.  *' Bulletin  Geo.  Society  of 
America,*'  vol.  vii.  p.  862. 

'  "Proceedings  of  Royal  Society,"  vol.  xxxix.  p.  213. 
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some  of  the  principles  involved  when  he  attributed  the  remarif- 
able  freshness  of  the  felspar  fragments  therein  contained  to  the 
particular  form  of  rock-disintegration  that  takes  place  under  the 
influence  of  a  torrid  and  practically  rainless  climate.  These, 
with  the  addition  of  the  observations  made  by  the  author  in  the 
unpublished  paper  above  referred  to,  comprise,  so  far  as  I  am 
aware,  the  total  literature  of  the  subject 

PriTicipJes. 

For  the  purposes  of  this  inquiry  rock-disintegrating  agencies 
are  considered  as  falling  into  two  classes  :    (1)  those  which  act 
MechanwaUy,  (2)  those  which  act  Chemically.     The  mechanical 
group  of  agencies  do  their  work  simply  by  splitting  up,  grinding 
Rock-difiintegrat-       down,  or  otherwise  pulverising  the  solid  rocks, 
ing  agencies  of  two     without   effecting  material   change   in   the 
kinds— Mechanical     resulting  debris.     The  chemical  agencies,  on 
and  CJumiicaL  ^^iQ  other  hand,  act  by  changing  the  chemical 

character  of  some  or  all  of  the  rock-forming  minerals,  and  gener- 
ally by  softening,  or,  it  may  be,  by  partially  dissolving  them,  so 
facilitate  the  disintegration  of  the  rock  masses.  In  the  mechan- 
ical group  are  included  the  grinding  action  of  land-ice,  the  chisel- 
ling effects  of  frost,  the  disruption  of  the  rock  particles  produced 
in  the  absence  of  moisture,  purely  by  the  effects  of  expansion 
and  contraction  under  extremes  of  temperature.  These  agencies 
break  up  the  rocks,  but  effect  no  change  in  the  chemical  character 
of  their  constituent  minerals.  The  felspars  are  broken  up,  may 
in  fact  be  reduced  to  the  very  finest  powder,  but  remain  essen- 
tially fragments  of  felspar  still.  Under  the  chemical  agencies 
are  included  the  action  of  atmospheric  moisture,  of  oxygen,  of 
carbonic  acid,  and  perhaps,  in  some  degree,  of  the  acids  resulting 
from  vegetable  decomposition.  Under  theii'  ijifluence  felspar  is 
ultimately  converted  into  kaolin,  soluble  carbonates  of  the 
alkalies  and  alkaline  earths,  and  free  silica,  but  long  before  they 
reach  that  stage  of  final  disintegration,  under  the  influence  of 
these  agencies,  the  felspar  fragments  take  on  a  dull,  opaque, 
lustreless,  limy  appearance,  accompanied  in  the  case  of  coloured 
varieties  also  by  loss  of  colour.  Tliey  in  fact  undergo  the 
chan<i[e  which  is  generally  known  as  Kaolinimti<yii, 

From  this  it  will  be  seen  that  wherever  we  find  fresh  felspars 
in  a  sediment,  we  have  indicated  the  operation  of  the  mechanical 
Fresh  felspars  indi-  rock-disintegrating  agencies— the  operation 
cate  the  operation  of  glacier-ice,  of  keen  frost,  or,  it  may  be,  of 
of  the  mechanical  extreme  heat,  as  well  as  cold  in  the  absence 
agencies.  ^£  moisture.     Hence  in  such  case  we  infer 

the  existence  during  the  deposition  of  such  sediment  of  either 
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a  very  cold  or  a  very  warm  and  dry  climate.  Where,  on  the 
other  hand,  kaoHnised  felspars  are  present  in  abundance, 
Kaolinised-action  of  we  have  indicated  the  operation  of  the 
chemical  agencies.  chemical  agencies,  of  atmospheric  moisture, 
of  oxygen  and  carbonic  acid,  and  generally  it  may  be  in- 
ferred all  the  conditions  implied  in  a  temperate  and  humid 
climate. 

The  following  examples  are  taken  from  recent  deposits, 
where*  the  conditions  in  operation  are  presumably  better 
known : — 

(1)  A  specimen  of  a  boulder  clay,  derived,  as  far  as  could 
Examples  :  (1)  A  be  judged,  directly  from  ciystalline  rocks 
boulder  clay.  containing  abundant  felspars,  was  found  to 

show  86%  of  its  contained  felspar  fragments  in  a  state  of  re- 
markable freshness,  the  remaining  14%  as  more  or  less 
kaolinised.  Here  we  have  a  sample  of  rock  debris  which  has 
been  undoubtedly  produced  by  mechanical  agency  under  con- 
ditions which  were  as  undoubtedly  glacial,  and  the  residt  is  a 
j)reponderance  of  fresh  felspars. 

(2)  A  sample  of  sand  from  the  river  Spey,  near  its  mouth, 
showed   81%  of  kaolinised,  the  rest   as   fresh,  or  moderately 

(2)  Sand  from  River    fresh  felspars.     Here  we  have  an  aggregate 

Spey.  of  particles  which   have   been   exposed  for 

longer  or  shorter  periods  to  the  action  of  a  temperate  and  moist 

climate,   and    the   result    is   a    preponderance    of    kaolinised 

felspars. 

(3)  Profr.  Judd  found  in  the  deposits  of  the  Nile  delta  a 
large  proportion  of  remarkably '  fresh  felspars.     These  existed 

(8)  Nile  delta  de-       generally  as  well-rounded  particles,  showing 

posits  (Profr.  Judd).     that  over  lai-ge  distances  they  had  probably 

been   conveyed   by   wind,   and   owed   their  freshness,  it  was 

believed,   to   the   peculiar  action  of  the   hot  and  practically 

rainless  climate  of  North  Eastern  Africa. 

These  so  far  are  the  general  principles  involved  in  the  question 

at  issue,  but  many  other  considerations  have  to  be  taken  into 

account  before  an  authoritative  opinion  can  be  given  regarding 

the  climate  that  prevailed  during  a  particular  period  from  an 

inspection  of  the  felspars  included  in  the  sediments  of  that 

period.     We  cannot   from   the   mere   presence    of    kaolinised 

Inferences  from  the     felspars  determine  with  absolute  certainty 

condition  of  felspars     the  existence  during  the  period  indicated  of 

not  absolute.  ^^  moist  and  temperate  climate,  while,  as  we 

have  just  seen,   the   presence   of  fresh   felspars   is   by   itself 

equivocal  as  between  extreme  heat  and  extreme  cold.     But  it 
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will  usually  be  found  that  in  the  general  character  of  the  asso- 
Character  of  Sedi-  ciated  sediments  there  is  sufficient  evidence 
mcDts  generally  has  to  guide  US  to  a  reliable  conclusion.  In  the 
to  be  considered.  ^g^  ^f  j^^j^  felspars,  for  instance,  we  have 
to  decide  whether  they  owe  their  presence  to  a  torrid  or 
frigid  climate.  If  frigid,  we  expect  to  find  side  by  side  with  the 
fresh  felspars  evidence  of  the  existence  of  land-ice  in  the 
presence  of  large  and  angular  blocks  of  rock  arranged  irregularly 
in  the  l^eds,  in  the  evidence  of  rapid  and  torrential  rivers  from 
periodical  melting  of  snow,  in  beds  of  conglomerate,  in  the 
general  angularity  of  the  finer  particles  which  compose  the 
strata,  and,  it  may  be  (though  this,  so  far  as  the  present 
inquiry  is  concerned,  is  discounted)  in  the  absence,  scarcity, 
or  i)eculiarities  of  the  representative  faunae  or  florae.  Torrid 
conditions,  on  the  other  hand,  would  be  indicated  by  fine 
sediments,  and  as  in  the  absence  of  moisture  wind  would 
naturally  be  the  chief  agent  of  transport,  the  constituent 
particles  would  for  that  reason  be  expected  to  be  more  or 
less  rounded.  Fine  sediments  showing  angular  particles  and  a 
preponderance  of  fresh  felspai-s  might  be  attributed  to  carriage 
by  low  rivers  under  the  influence  of  a  warm,  dry,  and  calm 
climate. 

Again,  in  this  inquiry  it  is  important  to  determine,  where 
possible,  what  was  the  initial  condition  of  the  felspars  in  the 
Initial  conditions  of  Crystalline  rocks  from  which  they  were  de- 
the  felspars  in  the  rived.  The  case  of  fresh  felspare  is  here  a 
crystalline  rocks.  simple  one.  If  found  fresh  in  the  sediments 
under  examination  they  must  have  existed  as  fresh  felspars  in 
their  native  rocks.  When  on  the  other  hand  they  are  kaolinised, 
the  following  questions  will  naturally  occur.  Did  they  exist  as 
fresh  felspars  in  the  parent  rocks  ?  and  have  the  changes  ob- 
served wholly  taken  place  as  the  result  of  external  climatic  con- 
ditions, or  were  they  altered  to  some  extent  before  lea\ing  tho 
parent  rock,  and  if  so,  how  much  of  the  aggregate  change  is 
initial,  how  much  due  to  later  changes  ?  The  felspars  of  many 
crystalline  rocks,  as  is  well  known,  show,  as  they  exist  in  their 
native  rocks,  a  considerable  amount  of  alteration.  Thus  some 
specimens  of  Peterhead  granite  show  the  felspars  so  highly 
kaolinised  that  they  remain  practically  opaque  in  very  thin 
sections,  and  the  same  remark  applies  to  a  proportion  of  the 
felspars  of  a  grey  Swedish  granite  largely  used  for  monumental 
purposes,  which  I  had  lately  occasion  to  examine.  Of  the  local 
granites,  the  debris  of  seveml  of  which  is  known  to  enter  largely 
into  the  composition  of  some  of  the  sediments  which  have  been 
examined    in    this    connection,    the    Benrinnes    rock    shows 
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felspars  which  have  undergone  some  degree  of  alteration,  while 
Condition  of  felspars    in  the  others,  with  the  exception  of  some 
in  local  granites.         of  the  plagioclases  in  Ardclach,  Kinsteary 
and  Abriachan  granites,  they  are  generally  very  fresh.      The 
presence  of  kaolinised  felspars  in  a  sediment,  therefore,  need 
not  always  indicate  that  they  have  been  subjected  to  the  in- 
fluence of  a  temperate  and  humid  climate.     It  is  desirable  in 
such  cases  to  ascertain,  where  possible,  the  origin  of  the  felspars, 
and  to  compare  the  specimens  in  the  sediments  with  those  in 
the  original  rock.     This  in  the  majority  of  instances  it  will  be 
impossible  to  do.     But  the  difficulty  arising  from  this  source 
may  be  largely   eliminated   by   comparing  the  results  of  de- 
terminations from  a  number  of  widely  separated  points  in  the 
same  formation,  where  it  is  to  be  presumed  the  felspars  have 
been  derived  from  different  series  of  rocks.    Only  where  isolated 
determinations  are  considered  need  initial  differences  in  the 
condition  of  the  felspars  give  rise  to  any  difficulty.     Further,  it 
is  not  unlikely  that,  even  in  the  same  mass  of  rock,  variations  in 
the  conditions  of  the  felspars  as  to  weathering  occur  from  time 
Possible  correlative     ^  ^™®'  ^^  denudation  proceeds  purely  as  the 
changes  in  felspars  of  result  of  external  climatic  conditions.     At 
original  rock  masses,   the  present  day  all  granites  on  exposed  sur- 

exteraaUlimate°^  *^^®^  ^^^  ^^^  *  varying  depth  into  their  mass, 
show  the  same  changes  as  take  place  on  ex- 
posure to  a  moist  and  temperate  atmosphere,  but  the  depth  is 
generally  greater  in  rocks  that  were  not  subjected  to  glaciation 
during  the  ice-age.  A  granitic  area  furnishing  kaolinised 
felspars  to  the  sediments  now  in  progress  would,  after  a  period 
of  glaciation,  which  would  carry  away  all  the  decomposing  rock 
rind,  eventually  yield  fresh  felspars  to  sediments  then  in  pro- 
gress or  immediately  afterwards  to  be  formed.  From  this  con- 
sideration, then,  it  is  reasonable  to  suppose  that  the  initial 
condition  of  the  felspars  in  the  crystalline  rocks  may  after  all 
not  be  of  such  impoilance  as  at  first  sight  would  appear,  that, 
in  fact,  it  is  possible,  if  not  highly  probable,  that  correlative 
changes  take  place  in  both  from  the  operation  of  the  same  ex- 
ternal causes. 

Again,  as  is  well  known,  the  susceptibility  of  the  different 

Different  suscepti-       ^^^^P^^  ^P^^^^^  ^^  ^'»®  ^c^^^"  ^^  weathering 

bilities  of  different      influences  is  very  different.     Plagioclase  fel- 

felspar  species  to         spars  as  a  class  decompose  much  more  readily 

chemical  change.        ^^^^  ^.^j^^^  orthoclase  or  microcline.     Their 

susceptibility  as  a  class  is  apparently  in  direct  proportion  to  the 

amount  of  lime  they  contain,  while  the  accompanying  analyses 

of  some  of  the  sandstones  of  the  area  would  appear  to  indicate 
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different  varieties  of  orthoclase  exhibit  dilTerent   degrees  of 
resistance  to  change.     Some  weather  very  readily,  others  are 
attacked  with  difficulty,  and  one  of  the  impressions  left  on  my 
mind  by  this  research  is  that  red  orthoclases  as  a  class  are 
decidedly  more  resistant  than  white.     Among  the  former  the 
red  orthoclase  of   the   Torridon  Sandstone,  derived   from   the 
;    Archaean  gneiss,  may  be  cited  as  a  conspicuous  example.    Again, 
of  the  fragments  of  granite  found  in  the  L.O.E.  conglomerates 
of  Eastern  Moray  the  red  varieties  still  possess  some  degree  of 
cohesion,  while  the  fragments  of  grey  granite  in  the  same  beds 
crumble  to  a  half-gritty,  half-soapy  powder  on  the  slightest 
pressure.   Large  crystals  of  orthoclase  again  are  found  to  be  more 
resistant  than  small,  but  this  is  probably  only  an  illustration  of 
the  chemical  law  that  increasing  fineness  of  mechanical  division 
proportionately  facilitates  chemical  action.     Similar  differences 
no  doubt  occur  among  the  varieties  of  plagioclase  felspar.     On 
the  whole,  however,  though  in  a  critical  examination  the  point 
has  to  be  steadily  kept  in  mind,  any  difficulty  that  such  differ- 
ences present  is  likely  to  be  eliminated  when  a  large  number  of 
results  is  considered.     On  the  other  hand,  the  difiiBrences  of  the 
various  felspar  species  in  respect  of  susceptibility  to  change 
may  occasionally  be  made  the  basis  of  even 
biUtiw^f  felspar       niore  precise  deductions  than  could  possibly 
sjiecies  the  basis  of     be  made  from  a  simple  sur\'ey  of  the  felspars 
more  precise  deduc-     ^  ^  whole.      Thus,  if  plagioclase  felspars 
appear  in  any  sediment  in  as  fresh  a  condi- 
tion as   they  do  in  their  native  rock — and  this  they  do   in 
particular  in  the  sandstones  and   overlying  conglomerates   of 
Mealfourvomie — we  know  at  once  that  the  conditions  of  climate 
under  which  these  beds  were  deposited  were  very  different  from 
those  that  obtftiii  at  the  present  day.     In  the  L.O.R  plagioclase 
felspars  are  of  relatively  frequent  occurrence.     They  are  less 
frequent  in  the  U.O.R.     The  felspars  of  the  Netherly  diorite — 
plagioclase  of  course  —are  characteristed  by  the  presence  in  them 
of  inclusions  of  innumerable  rods  and  hexagons  of  the  oxides  of 
iron  and  titanum  often  arranged  in  lines  along  the   cleavage 
planes  of  the  mineral  in  what  is  known  as  schiller  stinicture, 
but  as  often  found  radiating  irregularly  through  the  cr}'stal8  in 
all  directions.     In  the  L.O.R.  red  rocks,  in  which  the  waste  of 
the  diorite   has  been   detected,  though   not   in   abundance,  I 
have  observed   fragments  of  this   plagioclase  exhibiting  the 
arrangement  of  inclusions  just  described,  and  this  at  a  distance 
of  fourteen  miles  from  the  parent   rock.     The  characteristic 
quartz  grains  of  the  same  rock   are   present  in   considerable 
numbers  at  Scaat   Craig  in  the  U.O.R.  series,  but  there  the 
associated  plagioclases  are  conspicuous  by  their  absence.    Plagio- 
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clases  are  rare  in  this  division  of  the  U.O.R  beda  Such  as 
occur  are  so  decomposed  that  they  are  recognised  as  plagioclases 
only  by  their  exhibiting  faint  traces  of  parallel  striation,  and 
are  never  found  to  show  the  polariscopic  effects  characteristic 
of  fresh  plagioclase.  Thus,  within  a  distance  of  five  miles  of  their 
origin,  the  felspars  of  the  Netherly  diorite  have,  under  the  condi- 
tions of  climate  then  obtaining,  been  to  all  intents  and  purposes 
practically  eliminated.  Such  observations  confirm  in  a  remark- 
able manner  the  deduction  derived  from  an  examination  of  the 
felspars  generally,  that  wide  differences  of  climate  existed 
between  L.().B.  and  early  U.O.R  times.  Again,  where  the 
conditions  have  been  such  as  fo  eliminate  the  more  susceptible 
felspars,  there  is  a  tendency  to  accumulation — as  shown  by  a 
relatively  high  percentage — of  the  more  resistant  felspars  in  the 
resulting  sediments.  Thus  one  analysis  of  the  Cuttieshillock 
sandstone  gave  79  per  cent,  orthoclase  and  unrecognisable  fel- 
spai-s  and  21  per  cent,  of  microcline.  Plagioclase  has  been  noted 
from  this  locality,  but  is  infrequent,  and  almost  always  all  but 
unrecognisable. 

From  the  variability  of  the  felspar  species  as  regards  suscepti- 
bility to  weathering,  the  following  emerge  as  general  proposi- 
tions : — 

1.  Where  easily  recognisable  plagioclase  felspars  are  abun- 
dant, it  may  be  safely  concluded  that  the  operation  of  tlie 
mechanical  predominated  over  the  purely  chemical  agents  of 
disintegmtion. 

2.  The  absence  of  recognisable  plagioclases  where  the  pre- 
sence of  rock  debris  known  to  be  associated  with  them  iu 
the  parent  rock  would  naturally  suggest  their  presence  also, 
points  no  less  conclusively  to  the  operation  of  the  chemical 
agencies. 

3.  Where  the  more  resistant  felspars,  such  as  microcliue, 
appear  to  be  in  excess  of  what  might  reasonably  be  expected 
from  a  survey  of  the  rocks  that  have  gone  to  make  up  the 
sediments  in  question,  the  operation  of  agencies  calculated  to 
eliminate  the  less  resistant  may  be  reasonably  inferred. 

Another  point  which  requires  to  be  considered  before  a  final 

decision  can  be  arrived  at  in  a  given  case  is  how  far  subsequent 

changes  in  the  sediments  may  have  affected 

in  sediments^,  ancf^*    ^^^®  character  of  the  included  felspars.    It 

how  far  they  may       will  be  evident  that  where  fresh  felspars  are 

have  affected  the        ^qw  found  in  the  Sedimentary  rocks,  tbey 

eai^rs.  must  have  entered  them  in  that  condition. 

Only  in  the  case  of  a  certain  degree  of  metamorphisro  of  the 

sediments  could  it  possibly  be  expected  that  once  kaolinised 

felspar  could  again  be  restored  to  freshness,  but  as  that  case  is 
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beyond  the  scope  of  the  present  paper,  it  need  not  be  con8idei*ed 
now.  The  converse  ease  of  kaolinised  felspars  is,  however,  fraught 
with  some  ditSculty.  In  the  ease  of  open-textured  sandstones  or 
conglomerates,  the  percolating  water  might  easily  convert  origin- 
ally fresh  felspars  into  highly  kaolinised.  And  this.  I  believe, 
has  actually  taken  place  in  some  of  the  rocks  presently  to  be 
considered:  in  some  of  the  LO.E.  conglomerates  of  Eastern 
Moray,  notably  at  GoUachy  Mill,  where  fragments  of  felspar, 
particularly  of  white  orthoclase,  are  to  be  found  bounded  by 
regular  cleavage  planes,  but  so  soft  as  to  go  down  to  a  fine 
soapy  powder  on  pressure  between  the  finger  and  thumb.  These 
are  associated  with  fragments  of  the  same  felspar,  showing  an 
exceptional  degree  of  freshness,  and  the  inference  is  that  the 
former  have  undergone  this  change,  since  they  were  included 
in  the  conglomerate  beds.  The  test  of  orijjinal  freshness  lies 
in  their  angularity  of  outline.  Fragments  of  such  softness  would 
have  quickly  taken  on  a  degree  of  rounding  under  the  influence 
of  the  surface  agencies — if  indeed  they  were  calculated  to  survive 
their  operation  for  ever  so  short  a  time.  At  Cardenhills,  again, 
in  the  U.O.E.  division,  where  the  felspars  are  usually  very  fresh, 
more  or  less  kaolinised  felspars  have  been  seen  along  the  edges 
of  the  joints — that  is,  in  positions  where  the  meteoric  waters 
would  naturally  find  readiest  access. 

Again,  some  of  the  substanct'S  usually  associated  with  the 
felspars  in  ordinary  sandstones  might  be  expected  in  some 
instances  to  produce  chemical  change  in  the  latter.  In 
many  of  the  L.O.R.  beds,  the  quartz  grains  exhibit  marked 
corrosion  of  their  surfaces.  It  cannot  therefore  be  expected 
that  the  less  resistant  felspars  have  escaped  intact.  But  their 
freshness  is  certainly  very  remarkable  in  many  sandstones 
where  a  certain  amount  of  oxidation  and  hydration  has  evi- 
dently gone  on,  as  shown  by  the  presence  in  quantity  of  the 
hydi-ate(l  peroxide  of  iron.  But  it  is  very  evident,  I  think, 
that  the  oxidation  and  hydration  of  iron  ores  has  taken  place 
under  conditions  that  have  had  little  or  no  ett'ect  on  the  felspars. 
The  hydrated  oxides  so  formed  apparently  exert  no  action  beyond 
occasional  infiltration  of  the  cleavage  planes  of  the  felspars 
with  which  they  are  associated.  Indeed,  I  am  of  opinion  that 
their  presence,  as  well  as  that  of  carbonate  of  lime,  is  rather 
preservative  of  the  felspars  than  otherwise.  In  some  cases, 
however,  where  subsequently  to  deposition  water  containing 
iron  in  solution  has  infiltrated  the  beds,  the  hydrate  has  been 
deposited  in  relatively  greater  quantity  around  decomposing 
felspars  than  around  the  quartz  grains  and  fresh  felspars.  This 
must  not  be  confounded  with  chemical  action  on  originally 
fresh   felspars,  and   it   has  also  to  be  distinguished  from  the 
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deposition  of  the  hydrates  on  the  various  grains  pari  pcmm  with 

the  accumulation  of  the  sediments. 

Another  point  wliich  must  occasionally  be  taken  into  coii- 

sidei-ation  is  the  possibility  of  the  derivation  of  felspar  fia^- 
Derivation  of  fel-  ments  from  previously  existing  sediment*, 
spars  from  previously  and  how  far  the  conditions  of  such  fel- 
existing  sediments.     ^^^^  ^^y  ^  ^^y^  ^^  ^^  yj^jj  authoritative 

evidence  regarding  contemporaneous  climate.  If  a  proportion 
of  the  felspars  are  known  to  be  derived  from  previously  existing 
sandstones,  the  evidence  is  to  that  extent  weakened,  unless 
their  condition  as  they  existed  in  these  earlier  sediments  is 
known.     The  following  general  cases  inay  be  put : — 

1.  If  the  felspars  are  freak  in  both  sediments,  we  would 
infer  a  continuance  of  like  conditions,  or  at  least  the  operation 
in  both  cases  of  the  purely  mechanical  rock-disintej;rating 
agencies.  In  some  cases,  however,  the  transference  has  ap- 
parently been  effected  too  quickly  to  admit  of  the  climatic 
conditions  then  prevailing  to  have  effected  a  change. 

2.  If  fresh  in  fird  and  kaolinvied  in  aecond,  we  would 
naturally  infer  a  change  of  conditions  in  the  interval. 

c     3.  If  kaoHnised  in  both,  no  inference  is  imrranted.  -  ^ 

The  following  are  given  as  examples  : — 

Fresh  felspars  char-acterise  our  present  boulder  clays.  In 
Exam  lies  ^^^^e  recent  sands,  generally,  kaoiinised  fel- 
spars predominate,  but  in  some  a  proportion 
of  fresh  felspars  occurs,  some  of  which  have  no  doubt  l)een 
derived  directly  from  the  l)oulder  clays.  The  inference  is  that 
they  have  been  transferred  from  the  one  set  of  deposits  to  the 
other  too  quickly  to  allow  the  present  climatic  conditions  to 
exert  their  influence.  Again,  the  Reptiliferous  sandstones  of 
Cuttieshillock  have  been  derived  in  large  proportion  from  the 
U.O.E.  rocks  to  the  west  of  their  position.  The  latter  set  of 
beds  contain  a  large  proportion  of  fresh  felspars,  but  these  have 
mostly  been  kaoiinised  in  the  transference  to  the  EeptUiferous 
rocks.  The  inference  is  that  the  climate  changed  in  the 
interval.  Further,  in  almost  all  the  boulder  clays  of  the  Moray 
area  a  proportion  of  kaoiinised  felspars  occurs.  As  they  are 
associated  in  these  deposits  with  a  proportion  of  finely  rounded, 
iron-stained  or  secondary  quartz-encrusted  grains,  it  is  in- 
ferred that  they  have  been  derived  to  that  extent  from  the 
sandstones  or'  the  area,  and  along  with  them  has  no  doubt  gone 
a  proportionate  number  of  felspar  fragments.  As  the  latter  were 
already  prolmbly  kaoiinised  before  they  left  the  sandstones, 
they  give  no  indication  of  the  intervening  climate. 
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Another  qiieBtion  wliich  will  natnrally  be  asked  is:    How 

closely  may  changes  in  the  condition  of  c^liniate  l)e  expected  to 

be  followed  by  corresponding  changes  in  the  characters  of  the 

felspars  ?     There  may,  to  be  sure,  be  considerable  mixing  of 

^,  c  results   during  transitional  periods,  as  the 

Closeness  of  sequence    .  „       .         ,      ^^7    ^.     ,  -n     1  -r^ 

between  changes  of     following  hypothetical  case  Will  show.     If  a 

cliniAte  and  appear-  period  of  glaciation  were  to  immediately 
fe^rmiL*^"^^'*^'^''^"'^  succeed  the  present  condition  of  things,  the 
sediments  formed  then  and  for  some  time 
thereafter  would  be  expected  to  show  a  high  percentage  of 
kaolinised  felspars,  from  the  grinding  down  4)f  the  rock-rind 
which  has  undergone  change  under  the  present  climatic  con- 
ditions ;  but  eventually  when  that  had  been  completely  ground 
away,  fresh  felspars  would  c^me  to  characterise  the  sediments 
then  being  formed.  If  such  change  took  place  gradually,  we 
should  expect  the  results  as  regards  the  felspars  to  be  cor- 
respondingly delayed ;  so  that  we  may  fairly  conclude  that  a 
considerable  interval  may  separate  the  operation  of  a  particular 
set  of  climatic  conditions,  and  the  appearance  of  the  particular 
kind  of  felspars  by  which  it  is  characterised.  As  already  stated, 
many  of  the  fresh  felspars  in  sediments  of  the  present  day 
were  probably  separated  i'rom  their  parent  rocks  during  the 
glacial  period,  by  the  operation  of  agencies  that  characterised 
that  time ;  but  they  continue  to  affect  the  facies  of  the  felspars 
in  the  sediments  being  formed  now.  Hence  the  influence  of 
one  set  of  climatic  conditions  may  continue  to  affect  the  sedi- 
ments formed  long  after  they  have  passed  away.  Eightly  con- 
sidered, however,  the  last  case  is  really  an  example  of  deriva- 
tion from  earlier  sediments. 

That  differences  exist  in  the  condition  of  the  felspars  in  sedi- 
mentary rocks  will  readily  be  admitted,  but  as  to  the  cause  of 
Possibility  of  other     such  differences,  opinions  may  be  expected 
causes  for  variations    to  vary.     Other  causes  may  be  suggested, 
of  felspars.  jf  ^yg  tabulate  in  parallel  columns  the  char- 

acter of  the  grains  of  the  several  deposits  as  regards  roundness 
or  angularity,  and  the  condition  of  the  felspars  as  regards 
weathering  in  the  same  deposits,  it  will  be  found  that  kaolinised 
felspars  are  generally  though  not  invariably  associated  with 
rounded  grains,  while  fresh  felspars  are  as  frequently  associated 
Kaolinised  felspars  with  angular  grains.  This  at  first  sight 
associated  with  would  seem   to  imply  that  it  is  simply  a 

rounded  grains.  question  of  the  length  of  time  the  various 

sediments  have  been  exposed  to  the  influence  of  the  atmospheric 
agencies,  which  may,  hypothetically,  be  supposed  to  be  practi- 
cally constant  in  their  action ;  or  otherwise,  that  it  is  the  rate 
of  sedimentation  that  is  the  cause  of  the  observed  differences. 
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If  we  take  the  degree  of  rounding  of  the  particles  as  the  natural 
index  of  the  length  of  time  they  have  been  exposed,  we  shoultl 
of  course  expect  that  the  degree  of  alteration  of  the  felspars  and 
the  degree  of  rounding  of  the  grains  should  vary  t(^ther.  This, 
however,  they  do  not  do.  Two  exceptions  may  be  given  by  way 
of  examples.  The  sand  of  the  river  Spey  may  \)e  described  as 
typically  angular,  yet  81  per  cent,  of  the  felspai-s  of  this  sand 
are  kaolmised.  The  particles  of  the  LO.R  from  Dipple  or 
Gollachy  Mill,  which  I  have  shown  elsewhere  to  be  more 
rounded  than  the  particles  of  the  sand  of  the  Spey,  show  70  per 
cent,  of  fresh  felspars.  Again,  in  the  same  paper,  the  particles  of 
the  U.O.li.  of  the  Kosebrae  division  of  the  U.O.R.  rocks  of  Elgin 
are  shown  to  be  more  rounded — and  they  are  also  finer — than 
tlie  present  sea  sand  of  the  Moray  coast,  yet  the  former  show  60 
per  cent,  of  kaolinised  felspars,  the  latter  72  per  cent.  As  r^ards 
the  felspars  in  recent  sands,  it  is  certainly  not  a  question  of  the 
lengtli  of  time  they  have  been  in  transit  from  their  parent  rocks 
to  their  present  position.  The  process  of  kaolinisation  is  well 
advanced,  if  not  nearly  completed,  before  they  leave  these  rocks, 
and,  on  the  hypothesis  that  it  is  simply  a  question  of  the  length 
of  exposure  to  an  atmosphere  practically  uniform  in  its  action, 
one  wonders  how  from  a  kaolinised  rock-rind  the  presence  of 
fresh  felspars  in  sediments  is  to  be  explained  at  all. 

Test  of  Kaolmised  Felspars. 

• 

Before  going  on  to  consider  the  results  obtained  from  examin- 
ation of  the  various  sediments,  it  will  be  necessary  first  of  all 
to  go  into  the  question  of  tests  of  kaolinised  in  contradistrnctioa 
to  fresh  felspars,  and  to  indicate  in  a  general  way  the  methods 
that  have  been  followed  in  obtaining  the  tabulated  results. 

Where  the  felspar  fragments  are  of  some  size,  so  that  their 
characters  are  evident  to  the  naked  eye,  the  fresh,  lustrous,  cleav- 
age planes  of  the  fresh  felspars,  as  against  the  dull  heavy 
Naked  eye  determin-  surfaces  of  the  kaolinised  mineral,  will  he 
ations  in  case  of         quite  sufficient  for  the  purposes  of  diagnosis, 
large  fragmenta.         Accordingly,  where  possible,  I  have  secured 
large  specimens  of  felspar  fragments  from  the  various  sediments, 
and  these  are  now  exhibitecl  as  card  specimens  with  locahties 
marked.     From  these  it  will  be  seen  that  in  the  LO.R  of 
eastern  Moray,  but  at  some  distance  above  the  base,  lx)th  white 
and  red  felspars  occur,  presenting  a  degree  of  freshness  that  is 
simply  wonderful.     From  Scaat  Craig  in  the  U.O.R  there  are 
specimens,  one  of  them  a  small  fragment  of  graphic  gi^nite, 
which  indicate  some  degree  of  alteration.    From  Xewton.in  the 
same  series,  we  have  red  felspars  which  are  as  fresh  as  we  miglit 
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expect  to  find  them  in  their  native  rock.  A  fragment  of  graphic 
granite  from  this  locality  shows  less  alteration  than  a  specimen 
taken  direct  from  one  of  the  pegmatite  veins  on  the  Rothes  Bum, 
from  some  of  which  the  Newton  fragment  was  probably  originally 
derived.  Another  is  seen  from  Cardenhill,  in  the  same  division 
of  the  U.O.K.,  showing  some  degree  of  alteration,  but  that  has 
probably  taken  place  since  its  inclusion  in  the  rock,  as  such 
changes  have  been  observed  in  the  felspar  fragments  here.  The 
large  fragments  of  felspar  fmm  Newton,  though  some  of  them 
have  evidently  been  rolled,  show  no  external  zone  of  alteration 
such  as  is  seen  in  rolled  fragments  at  the  present  day.  In  the 
L.O.E.  to  the  west,  in  many  places,  notably  near  Foyers,  we 
find  the  felspars  in  the  basal  beds  as  fresh  as  they  now  are 
in  the  Stratheric  granites,  to  which  they  are  in  large  part 
traceable. 

Again,  as  kaolinisation  means  hydration,  the  giving  off  of 
water  on  strongly  heating  is  a  certain  test  of  the  change.  From 
the  following  chemical  formulae,  which  represents  the  change  of 
orthoclase  felspar  into  kaolin  on  exposure  to  the  atmospheric 
agencies,  it  will  be  seen  that  the  quantity  of  water  given  off  is  a 
measure  of  the  amount  of  orthoclase  so  changed : — 

Orthoclase  "  Atmosphere  _ 

AI2O3  KgO  NaaU  bSiOa  "*"  2ilJ)  +  2C6^  " 

5j-^3^py^  +  4SiO,  +  K,  C03  +  Na,  CO3 

and  kaolin  (ALjOg  2Si02  2H2O)  heated  gives  off  2H2O;  that  is 
to  say,  258  parts  of  kaolin  give  off  30  parts  by  weight  of  water. 
A  sample  of  kaolin  washed  from  a  fragment  of  decomposing  red 
granite  in  the  L.O.R  of  Scaat  Craig  gave,  after  being  air-dried, 
8*29  per  cent,  of  water,  which  without  further  analysis  would  go 
to  show  that  it  contained  59*3  per  cent,  of  true  kaolin,  with  a 
balance  of  407  per  cent,  of  free  silica.     ExpL:  A  fragment  of 
kaolinised  fdsfpar — -fnym  the  summit  of  Cainigorm — heated  in  a 
»mall  btUb'ttcbe  is  seen  to  give  off  water  which  coiideiises  in  tiny 
drops  round  the  neck  of  the  tube.     So  intimately  is  the  process  of 
AmouDt  of  water  of  hydration  associated  with  the  chemical  de- 
hydration suggested   Composition  of  many  minerals,  that  it  may 
as  measure  of  chemi-   be  taken  as  a  very  good  all-round  test  of  such 
call  change.  change,  and  the  amount  of  loss  on  ignition, 

subject  to  certain  corrections  which  may  be  specified,  may  be 
taken  as  a  fair  measure  of  its  amount.  A  few  determinations 
of  the  water  of  hydration  of  several  of  the  sandstones,  and  of 
other  rocks  for  comparison,  are  given  in  the  accompanying 
table. 
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In  some  cases  they  accord  fairly  well  with  the  corresponding 
felspar  determinations.  In  other  cases  they  do  not  apparently 
do  so.  It  should  be  remembered,  however,  in  this  connection, 
that  the  amount  of  felspar  present  is  itself  a  variable  quantity. 
We  cannot,  therefore,  but  expect  that  a  rock  which  shows  40 
per  cent,  of  felspar  fragments  will,  ccsteris  paribm,  show  a  rela- 
tively greater  quantity  of  water  of  hydration  than  one  which 
shows  only  6  per  cent.  Corrections,  it  should  be  noted,  have  to 
lie  made  for  the  hydrated  oxides  of  iron,  for  sulphate  of  lime, 
when  present  as  a  cement,  and  also  for  carbonic  acid,  if  the 
t^uantity  of  water  of  hydration  is  to  be  estimated  by  simple  loss 
on  ignition.  Other  determinations  bearing  on  these  points  are 
in  progress.  Those  in  the  accompanying  table  are  all  that  have 
been  made  up  to  the  present  time. 

A  local  peculiarity  observed  in  kaolinised  felspars,  which, 
Local  peculiarity  in  *^  ^^  suggested  a  possible  chemical  test  of 
kaolinised  fekpars  that  condition,  deserves  a  passing  notice, 
at  King  Steps.  ^^s  found  to  obtain  in  the  case  of  certain 

sandstone  bands  in  King  Steps  Quarry  near  Nairn.  Here 
the  rock,  which  generally  shows  carbonate  of  lime  as  a 
cement,  was  found  to  be  impregnated  with  sulphide  of  copper. 
Xow  in  this  zone  the  kaolinised  felspars  were  found  to  be  all 
stained  more  or  less  of  a  line  copper  colour,  evidently  from 
some  process  of  reduction  of  the  copper  sulphide  to  the  metallic 
state,  but  the  reaction  is  certainly  one  which  is  difficult  to  trace 
by  chemical  equation.  Attempts  at  imitation  by  placing  kaolin 
and  kaolinised  felspars  in  contact  with  copper  sulphate  in 
solution  appeared  to  give  slight  positive  results,  and  the  effect 
was  intensified  by  subsequently  alkalinising  with  carl>onate  of 
soda ;  but  altogether  the  results  were  too  meagre  to  give  any 
hope  of  tlie  process  proving  useful  as  a  test  of  kaolinisation — at 
least  within  a  reasonable  time. 


Methods  of  Work. 

For  rapid  microscopical  work,  the  mere  observation  of  the 
characters  of  the  various  felspar  fragments  in  simple  transmitted, 
or  transmitted  aided  occasionally  by  reflected  light,  is  likely 
enough  to  give  results  which  will  be  sufficiently  accurate  for 
comparative  purposes.  The  accompanying  results,  however,  have 
l)een  obtained  by  observing  and  recording  the  reactions  with 
polarised  light,  as  the  fragments  were  successively  brought  into 
the  field  of  the  microscope.  Fragments  giving  a  play  of  colours 
in  polarised  light  have  lisen  counted  as  fresh.  If  they  remained 
turbid  or  exhibited  no  play  of  colours,  they  have  been  counted  as 
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kaolinised.  A  third  group,  usually  showing  a  low  percentage  of 
fragments  is  marked  off  as  showing  intermediate  characters. 
Some  allowance  has  to  be  made  for  variations  in  the  size  of  the 
different  particles,  and  it  will  usually  be  found  that  when  the 
results  obtained  from  the  examination  of  thin  sections  of  a 
sandstone  are  compared  with  the  results  as  obtained  from  the 
examination  of  the  discrete  particles  of  the  same  sandstone,  a 
slightly  higher  percentage  of  fresh  felspars  is  found  to  obtain  in 
the  former  case.  Working  with  polarised  light  secures  the 
additional  advantage  of  enabling  us  to  recognise  at  a  glance, 
where  fresh,  the  different  felspar  species,  and  to  record  their 
proportions  in  the  specimen  under  examination  at  the  same 
time. 

Various  difficulties  as  regards  determination  arise.  It  is  by 
no  means  always  easy  to  distinguish  between  kaolinised  felspars, 

Diflficulties  of  and   various   other  decomposed   or  decom- 

determination.  posing  minerals  and  rock  fragments.     But 

by  combining  examination  in  transmitted,  reflected  and  polarised 
light,  some  degree  of  accuracy  may  in  general  be  hoped  for. 
The  superiority  of  thin  sections  will  for  this  reason  be  evident. 
Numerous  small  fragments  of  volcanic  rocks  occur  in  several  of 
the  sediments  examined — notably  in  the  Torridon  sandstones,  in 
several  of  the  divisions  of  the  U.O.R.  of  Elgin,  and  in  the 
Keptiliferous  rocks  of  the  same  area,  while  they  have  also  been 
observed  in  a  proportion  of  the  specimens  examined  from  the 
L.O.R.  of  Centi-al  Scotland.  These  cause  some  difficulty  when 
viewed  by  transmitted  light,  when  seen  as  discrete  particles. 
But  in  such  cases  control  determinations  have  generally  been 
made  from  thin  sections. 

Secondary  mdgrowths  around  the  felspars  in  some  of  the  sand- 
stones are  apt  unless  attention  is  specially  directed  to  the  point 
to  complicate  the  results,  when  the  determinations  are  made  in 
polarised  light.  The  secondary  fringe  gives  a  play  of  colours, 
while  the  central  part  constituting  the  original  grain  may  or  may 
not  do  so.  This  has  only  to  be  mentioned  to  secure  a  correct 
classification. 

A  large  number  of  examples  have  been  worked  out  by  the 

methods  just  indicated,  and  the  results  are  tabulated  in  detail. 

^     .  .    ,    Most  of  the  sedimentary  formations  of  the 

Specimens  examined,    xt     i.i,      r    o     i.i       j    i_  i  ■       i   • 

^  ^ortn  or  Scotland  have  been  examined  in 

this  connection,  including  the  Torridon  Sandstone,  the  Old  Bed 
Sandstone  along  the  southern  shore  of  Moray  Firth,  as  well 
as  from  the  area  of  Central  Scotland  ;  from  the  U.O.R  and 
Keptiliferous  rocks  of  Elgin ;  while  samples  have  also  been 
examined  from  recent  sands,  such  as  river  sands,  sea  sand,  and 
the  blown  sand  of  Culbin,  as  well  as  from  boulder  clays  and 
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post-glacial  sands.     The  number  of  specimens  from  each  for- 
mation is,  perhaps,  not  always  so  large  as  might  be  desired,  but 
they  have  always,  as  far  as  possible,  been  typical  examples  of 
the  deposits  they  represent. 
Results  in  recent  ^^   ^^^  results  obtained  in  the  case   of 

deposits  furnish  key  recent  deposits  furnish  the  key  to  the  inter- 
to  intcrpretotion  of  pretation  of  the  results  obtained  from  the 
sandstones.  sandstones,  we  shall  take  these  first. 

It  will  be  observed  that  the  sand  of  the  rivers  of  the  area 
of  the  present  sea  shore,  and  tlie  sand-dunes  of  Culbin,  show 
a  preponderance  of  kaolinised  felspars,  ranging  from  64  per 
cent,  in  the  case  of  the  river  Nairn,  to  81  per  cent  in  that 
of  the  Spey,  while  sea  sand  and  Culbin  sand  occupy  an  inter- 
mediate position — the  average  of  the  whole  being  73  per  cent. 
Rece  td       ts  ^^  kaoliniscd  felspars.      This  is  the  result 

eposi  .  produced  by  the  influence  of  the  climate 
of  the  present  day,  which  is  naturally  described  as  moist- 
temperate. 

In  the  case  of  the  boulder  clays  and  post-glacial  sands,  the 
Boulder  clays  and  difficulty  has  been  to  find  pure  examples — 
post-glacial  sands.  that  is  examples  uncontaminated  by  admix- 
ture with  the  debris  of  older  deposits.  Of  the  two  boulder  clays, 
one  from  Dulsie  Bridge  on  the  Findhorn,  which  may  be  con- 
sidered free  from  such  contamination,  gave  86  per  cent,  of 
fresh  felspars,  while  the  other,  with  evidence  of  slight  ad- 
mixture with  sandstone  debris,  gave  83  per  cent.  A  sample 
of  mixed  post-glacial  sands  from  localities  near  Loch-na-bo, 
and  containing  a  considerable  proportion  of  grains  derived 
from  the  U.O.R  and  Eeptiliferous  Sandstones,  gave  68  per 
cent,  of  fresh  felspars.  Here  we  have  typically  illustrated 
the  influence  in  the  one  case  of  a  glacial,  in  the  other  of  a 
post-glacial  climate. 

Applying  these  results  to  the  problem  of  the  climates  of 
fonner  times  we  arrive  at  some  interesting,  and  in  one  or  two 
cases,  very  unexpected  results. 

Last  summer  while  spending  a  holiday  near  Kinlochewe  I 
collected  from  the  Torridon  sandstones  in  that  neighbourhood  a 
number  of  rock  fragments,  which  could  be  seen  at  a  glance  to  l>e 
derived  from  rocks  other  than  the  Archaean  gneiss.  These  frag- 
ments are  interesting  for  the  information  they  afford  regarding 
pre-Torridon  rocks,  and  the  light  they  throw  on  the  conditions 
that  prevailed  in  pre-Torridon  times.  Among  these  fragments 
Pre-Torridon  Rocks.  ^/^  many  seperally  well-rounded  pebbles 
of  various  lelsites,  showmg  phenocrysts  ot 
quartz,  orthoclase  and  plagioclase  imbedded  in  microgranitic, 
micro-pegmatitic,  and  other   bases,  rhyolites  (?)  in  markedly 
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angular  fragments,^  and  from  only  one  locality  showing  beautiful 
fluxion  structure  and  in  all  stages  of  devitrification,  down  even 
to  glassy  varieties,  various  metamorphic  schists,  quartzites,  at 
least  one  minute  fragment  of  volcanic  tuff,  showing  Pele's  hair, 
and  last,  but  by  no  means  of  least  importance  from  our  present 
point  of  view,  an  ovoid  pebble  of  buff  coloured  sandstone,  over  half 
an  inch  in  diameter.  Microscopic  examination  of  this  fragment 
showed  it  to  be  comj)08ed  of  rounded  grains  from  ^^  to  -V  ^^^^^ 
in  diameter,  almost  all  of  them,  even  the  smallest,  beautifully 
rounded.  The  grains  have  first  been  covered  with  ferric  hydrate 
and  subsequently  cemented  together  w^ith  secondary  quartz. 
Bounded  particles  of  garnet  and  other  heavy  minerals  are  seen 
at  intervals,  and  the  inclusions  in  the  quartz  grains,  which  are 
numerous  and  varied,  point  to  derivation  from  a  variety  of  pre- 
existing rocks.  One  of  the  largest  grains  is  seen  to  be  an  ovoid 
fragment  of  quartzite  showing  traces  of  ferric  oxide  around  its 
originally  clastic  grains.  The  remains  of  felspar  fragments  are 
present  but  scarce,  and  they  are  so  much  decayed  that  there  is 
no  possibility  of  determining  their  specific  characters.  Accord- 
ingly I  have  put  this  fragment  down  as  showing  100  per  cent  of 
kaoUnised  felspars  ;  and  the  conclusion  regarding  the  cUmate  of 
Climate  indicated  ^^^  period  to  which  it  belonged  would  be  that 
by  pre-Torridon  it  was  warm  and  moist,  and  that  the  sand- 
fragment,  stone  itself  was  probably  of  iEolian  or^n, 
or  at  least  that  wind  was  largely  concerned  in  its  production. 

In   accentuated  contrast  to  this  in  many  respects  are  the 

Torridon  sediments,  in  which  this  fragment  was  found  embedded. 

These  are  generally  very  rough  and  angular* 

Torridon  Sandstones.  ^^^  j  j^^^^  examined  at  least  one  specimen. 

in  which  some  of  the  particles  would  possibly  be  described  as 
subangular.  As  these  sandstones,  in  addition  to  the  macroscopic 
volcanic  fragments  already  referred  to,  show  in  all  the  specimens 

>  One  of  these  Rhyolite  fragments  has  given  the  following  analysis  :— 

SiOa 74-68       - 

Al^Oa 


Fe«0« 

FeO 

Mno 

CaO 

MgO 

K,0 

NaiO 


1116 
3-36 
1-77 
•84 
219 
1-52 
1*31 
112 

Loss  on  ignition,  i  joq  j.-k  \  2*84 


100-28 


The  peculiarities  of  the  above  result  lies  in  the  relatively  high  percentage  of 
the  intermediate  bases  and  the  phenomenally  low  percentage  of  alkah'es.  The 
silica  percentage  is  normal,  so  also  tlie  alumina. 
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examined  a  large  number  of  microscopic  fragments  of  the  same 
rocks,  only  thin  sections  have  been  examined,  with  the  result 
that  90  per  cent,  of  the  felspars  have  been  found  fresli,  and  the 
degree  of  freshness  they  show  is  most  marked.  Eight  per  cent,  are 
noted  as  kaolinised,  but  as  some  of  these  were  seen  in  association 
with  volcanic  fragments,  in  which  they  are  generally  found 
kaolinised,  the  inference  is  that  these  have  been  in  part  derived 
from  then).  Microcline  is  very  abundant  in  these  sediments, 
but  plagioclase  seems  to  be  i-ather  rare.  The  results  over  all 
show  76  per  cent,  orthoclase,  16  per  cent,  microcline,  6  per  cent 
plagioclase;  but  some  of  the  latter,  being  in  rather  small  frag- 
ments, may  be  taken  as  doubtful.  It  is  probable  that  a  propor- 
tion of  the  latter  have  been  derived  from  the  volcanic  rocks  then 
undei-going  denudation. 

Now  the  inference  from  tlie  felspars — and  this  inference  is 
\H)TQe  out  by  the  rough  character  of  the  deposits  generally — 
Glacial  or  subfriacial    ^s  that  a  glacial  or  subglacial  climate  pi-e- 
cUniate in  Torridou     vailed  during  Tonidon  times — certainly  one 
^"°^-  under  wliich  the  mechanical  rock-disintegrat- 

ing agencies  were  in  the  ascendant.  Now  is  there  any  evidence 
from  any  other  source  that  a  glacial  climate  may  have  prevailed 
at  this  period  ?  We  have  the  authority  of  Sir  A.  Geikie  that 
there  are  certain  appearances  in  association  with  the  Torridon 
strata  in  certain  localities,  tliat  suggest  glaciation.  1st.  Wliat 
appear  to  be  roclws  mou tonnes  on  the  surface  of  the  Archaean 
gneiss,  where  it  extends  below  the  Torridon  Sandstones,  and 
being  therefore  of  Torridon  or  pre-Torridon  age.  Regarding 
these  appearances  he  asserts :  "  They  have  certainly  been  ground 
by  an  agent  that  has  produced  results  which,  if  they  were  found 
in  a  recent  formation,  would,  without  hesitation,  be  ascribed  to 
land-ice.  2nd.  The  presence  in  Torridon  deposits  near  Gairloch 
ot  large  angular  blocks,  up  to  5  feet  in  diameter,  aiTanged  so 
Other  evidence  of  a  as  to  simulate  a  boulder  clay  so  closely  that 
glacial  climate.  that  observer,  in  company  witli  Sir  Norman 

Ix)ckyer,  actually  searched  the  blocks  for  glacial  stride.   There  does 
exist  some  evidence,  therefore,  apart  from  the  condition  of  the  fel- 
spars, for  the  existence  of  a  glacial  climate  in  Torridon  tinies.^ 
We  come  next  to  the  Lower  Old  Red  Rocks,  and  here  the  cliief 

^  Since  the  above  was  written  I  have  read  in  the  Society's  Transactiou.s 
with  much  interest  Mr  Good  child's  paper  on  DeseH  t'oml  itioiis  in  Britain.  A 
diametrically  opposite  view  as  to  the  origin  of  the  Torridon  Sandstones  is  there 
propounded.  The  pai>er  an  a  ^f  hole  totally  ignores  the  possibility  of  fresh  felspars 
r>eing  due  to  glacial  as  well  as  desert  conditions.  My  acquaintance  with  the 
Torridons,  dating  only  from  last  summer,  does  not  warrant  my  going  into  the 
iiuestion  critically,  but  while  admitting  the  possibility  of  such  origin,  I  think 
trie  facts  are  rather  in  favour  of  the  glacial  tlian  the  desert  theory.  We  do  not 
lind,  at  least  I  have  not  found  in  the  specimens  examined,  any  marked  rounding 
of  the  constituent  particle-s,  such  as  we  naturally  expect  where  the  transporting 
VOL.  VIII.  PART  IV.  2  H 
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interest  of  the  inquir}'^  is  centred.      Not  only  apparently  are 

conditions  of  climate  indicated,  which  ai-e  at  variance  with  those 

Results  in  L.O.R.      which,  perhaps  on  insufficient  evidence,  are 

rocks.  generally  supposed  to  have  prevailed  during 

this  period,  hut  to  judge  from  results  decided  diflFerences   of 

climate  appear  to  have  obtained  in  the  two  main  areas  of  the 

Old  Red  of  Scotland — I  mean  between  the  Northern 'or  Orcadian 

area,  and  the  Caledonian  area  to  the  south  of  the  Grampians. 

The  contemporaneity  of  the  two  series  has  been  maintained 

Differences  of  ^J  ^^^  A.  Geikie  ill  his  paper  on  the  Old 

climate  indicated  in     Bed  SanoHtane  Of  Western  M/vrope,  and  again, 

the  two  main  areas  of    quite  receiitlv,  in  his  Aiicient   Volcanoes  of 

L.O.R.  in  Scotland,     g^^^^^  Britain}  and  this  in  the  teeth  of  com'- 

plete  discordance  between  the  fossil  fauna  of  the  two  areas. 

Our  results  would  appear  to  indicate  that  the  deposits  of  the 

two  areas   were  not  contemporaneous,  as  wide  dififerences   of 

climate  apparently  prevailed  during  the  deposition  of  the  two 

series.     It  would  indeed  be  very  remarkable,  on  the  hypothesis 

of  contemporaneity,  tliat  on  opposite  sides  of  the  same  mountain 

ridge,  and  within  a  distance  of  one  another,  at  least  at  one 

point,^  of  less  than  twelve  miles,  two  different  faunae  existetl 

without  a  single  species  in  common,  while  the  rivers  of  the 

period  carried  from  the  same  intervening  high  grounds  into  the 

two  lakes  sediments  of  such  divergent  quality. 

Confining  our  attention  more  particularly  to  the  Orcadian 
area,  we  have  on  the  principles  laid  down  a  glacial  to  sub- 
glacial  climate  indicated,  while  the  general  character  of  the 
sediments  point  no  less  strongly  in  the  same  direction.     The 
In  Orcadian  area  a      first  determination,  ranking,  I  believe,  the 
glacial  tosnbglacial     earliest  in  time,  is  from  the  sandstones  to  the 
climate  indicated.       ^^g^  ^f  Loch  Ness.     These  pass  under  the 
conglomerate  of  Mealfourvonie,  and  are  sediments  of  the  same 
fineness.    Examination  of  the  individual  sand  particles  would 
go  to  show  that  little  or  no  granite  is  represented  in  them. 
Microcline  and  plagioclase  are  present,  the  latter  even  being 
of   startling   freshness,  and  showing   inclusions   of   the  same 
character,  and  as  brilliantly  clear  as  those  seen  in  the  plagio- 

agent  has  been  mainly  wind.  I  have  not  seen  Pencke's  paper  on  the  same 
subject,  but  I  believe  it  also  cites  the  conditions  at  pi'esent  obtaining  in  the 
Sinai  tic  peninsula  jis  similar  to  those  under  which  the  Torridon  grits  were  ac- 
eumnlated.  To  my  mind  thei*e  is  too  great  a  tendency  to  assume  that  at  that 
period  of  the  earth*s  history  things  must  have  been  very  different  from  what  they 
are  now,  and  that  the  temi)eratnre  of  the  time  was  necessarily  much  higher  than 
at  present.  For  much  the  same  reason  the  pre-Torridon  Sandstone  fragment 
which  I  have  described  would  no  doubt  be  called  a  quartzite.  At  the  same  time 
I  undertake  to  produce  from  the  quartz-cemented  bands  of  the  Elgin  Sandstones 
specimens  in  all  respects  similar. 
^  Vol.  i. ,  p.  266  and  note.  '^  Stonehaven  and  Aberdeen. 
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clases  of  gabbros  and  dioritea  at  the  present  day.  Two  sets  of 
orthoclase  felspars  are  present ;  the  fragments  of  the  one  set 
generally  show  some  slight  degree  of  kaolinisation,  while  those 
of  the  other  are  invariably  fresh.  We  have  probably  here  illus- 
ti-ated  the  effect  of  different  susceptibilities  in  the  original 
niinerals.  The  same  relations  and  characters  of  the  felspars  are 
maintained  in  the  matrix  of  the  overlying  conglomerate,  which 
is  so  fine  grained  and  so  scanty  in  quantity,  compared  with  the 
roughness  and  angularity  of  the  contained  pebbles,  as  to  suggest 
the  possibility  of  the  conglomerate  here  being  an  old  boulder  clay. 

Across  Loch  Ness,  near  Foyere,  we  have  a  series  of  beds  of 
very  different  facies.  Here  the  Old  Bed  has  been  derived  all 
but  exclusively  from  the  denudation  of  the  Stratherrick  granites, 
but  it  has  been  by  a  form  of  denudation  to  which  we  have  no 
pai*allel  in  this  country  now.  The  granite  has  first  been  pulver- 
ised by  some  mechanical  agency,  and  the  resulting  debris  with- 
out mateiial  change  has  then  been  shot  down  into  one  general 
debacle  around  the  base  of  the  old  granitic  mountain.  The 
felspars  are  still  fresh,  as  they  are  in  tlieir  native  granite,  and 
occur  in  the  proportion  of  orthoclase,  78  per  cent.,  microcline. 
4  per  cent.,  plagioclase,  18  per  cent.  Only  the  hornblende  of 
the  original  granite  shows  any  trace  of  change.  It  has  ap- 
parently gone  in  large  part  to  make  up  the  dark  ferruginous 
paste  in  which  the  other  fragments  are  embedded.  Perhaps  a 
parallel  to  the  conditions  that  have  been  at  work  here  is  described 
by  I.  C.  RusselP  as  existing  on  the  Yukon,  in  what  he  calls  debru 
Ht reams.  As  there,  the  action  of  intense  frost  is  probably  indicated. 

Farther  north  a  sample  from  Piperhall  Quarry  has  been 
taken  as  representing  deposits  somewhat  later  in  the  series 
and  as  fairly  tjrpical  of  the  sediments  in  that  quarter.  This 
also  shows  a  preponderance  of  fresh  felspars.  The  facies  of  the 
LO.R  beds  to  the  east  is  in  many  respects  different.^ 

These  show  a  much  lower  pei'centage  of  felspar  fragments. 
In  fact  the  western  L.O.R.  beds  show  on  the  average  40  percent, 
of  felspar  fragments,  the  eastern  all  over  only  4  per  cent.     In 

^  **  Surface  Geology  of  Alaska." 

'^  Composition  of  Sandstones. 

Quar.r.  FeUpar.          "^'^^^^^ 

Lower  Old  Red  (east)          .         .  67%  4  29 

Upper  Old  Red  (east)         .         .  82  16  2 

Reptiliferous      ....  90  6  4 

Oolite  (LoBsiemonth)          .  *      .  91  8  1 

Lower  Old  Red  (west)        .         .  57  40  3 

Upper  Old  R«d  (west)        .         .  77  21  2 

The  above  brings  oat  in  a  marked  manner  the  differences  in  composition  between 
the  L.O.R.  of  the  east  and  west,  also  the  local  chai'acter  of  the  L.O.R.  deposits 
as  compared  with  the  generalised  character  of  the  deposits  of  the  upper. 
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tlie  very  earliest  of  the  eastern  beds  felspars  do  not  occur  at  all. 
A  specimen  from  Dipple  has  l)een  taken  as  typical  of  the 
t'el8par-l>earing  sediments  in  this  quarter,  with  a  eoiTespondiug 
result.  Again,  specimens  from  each  of  the  outliers  of  CuUen, 
Gamrie,  and  Kildrummy  show  that  they  follow  the  main  mass  <»f 
the  Orcadinn  strata  as  regards  the  condition  of  their  include<l 
felspars.  The  Ciillen  and  Tarradale  specimens  seem  to  indicate 
in  their  increasing  proportion  of  kaolinised  felspars  a  transition 
to  milder  conditions  as  we  approach  tlie  close  of  the  period,  and 
this  is  also  l)orne  out  by  a  proportionate  de<?ree  of  rounding  of 
the  constituent  i)article8  of  the  sediments  at  these  two  localities. 

In  the  Orcadian  area,  so  far  as  the  sediments  have  been 
examined,  we  have,  according  to  the  principles  laid  down,  a 
glacial  to  subglacial  climate  indicated.  We  have  also,  I  think, 
from  the  increasing  proportion  of  kaolinised  felspars,  eoupletl 
with  a  certain  degree  of  rounding  of  the  particles,  some  reason 
for  concluding  that  there  was  a  gradual  transition  from  condi- 
tions of  greater  to  conditions  of  less  rigour  as  we  approach  the 
close  of  the  period.  The  passage  from  conglomerates  to  sand- 
stones of  more  or  less  fineness  and  the  comparatively  late  appear- 
ance of  life  in  the  series,  would  also  point  to  the  same  conclusion. 
The  finer  sediments  at  the  base  to  the  west  may  or  may  not 
indicate  milder  conditions  at  the  very  beginning  of  the  peri<Kl 

In  view  of  the  conclusion  just  arrived  at,  it  will  naturally  l>e 
asked,  "  Is  sucli  a  thing  likely  ? "  I  know  of  no  reason,  except 
a  very  inconclusive  one,  depending  on  the  character  of  the  in- 
cluded fossils,  for  thinking  differently.  But  it  is  surely  an 
equally  good  and  equally  likely  hypothesis  to  suppose  that  the 
dermal  skeletons  of  these  Old  Red  Sandstone  fishes  were  an 
adaptation  to  keep  out  cold  as  to  keep  out  heat.     The  presence 

Other  evidence  of      of  large  angular  blocks  of  rock  on  the  con- 

glauial  conditions,  glomerates,  sometimes  up  to  several  feet  in 
diameter,  fits  in  very  nicely  with  the  supposed  existence  of 
glaciers  in  the  higher  ravines  of  the  land  surface  of  the  period. 
Farther,  we  have  no  means  of  determining  the  level  of  the  Old 
Ked  lake  relatively  to  the  sea  of  that  time,  but  it  is  not  ver}' 
likely  that  such  an  extensive  sheet  of  water  was  more  than  a  few 
hundred  feet  above  that  level ;  but  all  the  evidence  we  have  goes 
to  show  that  the  lake  was  bounded,  at  least  towards  the  south,  by 
an  elevated  plateau,  which  descended  more  or  less  precipitously 
to  the  water's  edge.  Here  under  naturally  temperate  conditions 
at  sea  level  we  have  presented  all  the  elements  necessary  to  a 
local  glaciation.  Indeed  the  conditions  observed  at  Foyers 
wo\U(l  be  very  easily  explained  on  the  hypothesis  that  the 
granite  of  Stratherrick,  protruding  above  the  general  level  of  this 
plateau,  became  a  natural  feeding  ground  for  glaciers,  which. 
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grinding  down  the  granite  of  the  mountain,  gave  rise  to  the 
appearances  now  presented  by  the  Old  lied  beds  of  that  locality. 
But,  if  glaciers  existed,  it  may  he  asked  why  no  glaciated 
boulders  occur  in  the  Old  lied  conglomerates.  Glaciated 
boulders,  even  in  boulder  clays,  are  comparatively  rare,  and  I 
am  not  aware  that  we  have  anything  in  the  Old  fled — though, 
as  ill  the  instances  cited,  it  may  simulate  them  very  closely — 
that  would  be  accepted  as  contemporaneous  boulder  clays 
without  cavil.  Rather,  I  think,  the  analogy  of  the  Old  Eed 
strata  is  to  the  post-glacial  sands  and  gravels  of  the  present 
time.  In  these,  glaciated  fragments  must  be  very  rare,  for 
though  I  havii  repeatedly  searched  for  them  in  these  deposits  I 
have  not  yet  found  them.  Reference  has  been  made  to  the 
coiTOsions  of  the  quartz  gi*ains  in  many  of  the  L.O.R.  beds :  I 
need  not  say  that  such  action  would  be  eminently  fatal  to 
glacial  stric'c,  even  granting  that  they  originally  existed. 

Passing  next  to  the  determinations  made  from  specimens  of 
-  .    ^  ,  ,    .  sandstone  from  the  area  of  the  ancient  Lake 

Lake  Caledonia.  r«  i     i       •  n     \  j-a*         i.         •  i* 

Caledonia,  we  find  a  very  dmerent  series  of 
results,  which  are  remarkably  concordant  ivter  se,  but  differ 
essentially  from  the  majority  of  the  determinations  made  in  the 
case  of  specimens  from  tlie  Orcadian  area.  They  point  unmis- 
takably to  milder  conditions,  and  to  the  operation  of  the 
chemical  agencies  as  the  chief  rock  disintegrators  of  the  period. 
The  specimens  examined  have  been  from  a  somewhat  limited 
area  horizontally,  but  they  represent  considerable  differences  in 
time,  and  it  would,  no  doul)t,  be  rash  to  conclude  that  through- 
out the  rest  of  the  area  results  would  be  uniformly  of  like  char- 
acter, but  so  far  as  they  go  they  make  for  establishing  the  fact 
that  widely  different  climates  prevailed-  in  tlie  two  areas,  and  the 
natural  inference  is  that  the  sediments  of  the  two  areas  were  not 
deposited  contemporaneously.  This,  as  already  stated,  is  borne 
out  by  the  total  discordance  of  the  faunae  of  the  two  areas. 

The  results  obtained  for  the  U.O.R.  rocks  of  the  Elgin  area 

lead  to  conclusions  scarcely  less  interesting.     Two  years  ago,  in 

a  paper  read  before  this  Society,  and  since  published  in  the 

Transadians  of  the  GeoJoyical  Society  of  Edinhurgh}  I  suggested 

as  the  result  of  an  investigation  of  another  order,  a  fourfold 

division  of  the  lJi)per  Red  rocks  of  the  Elgin  area.     Taking  the 

Upper  Old  Red  rocks  of  Nairn  along  with  the  Elgin  Series,  we 

may  classify  the  whole  as  follows,  and,  for  the  sake  of  comparison, 

I  give  in  parallel  columns  the  character  of  the  component  grains 

Upper  Old  Red  Classi-  as  to  rouuding  or  angularity,  the  character  of 

fication  of  series.         the  included  felspars  and  the  characteristic 

fossils,  with  their  range  in  time  as  far  as  that  is  known. 

1  VoL  viL,  p.  148. 
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From    this   table    it    will    be    seen    that    changes  in   the 

character  of  the   particles,  and   in   the  condition   of  the  in- 

YariAtioDB  of  climate  cluded  felspars,  are  accompanied  by  changes 

during  period.  i^  the  fossil  fauna  of  tlie  beds — the  whole 

being  the  result,  in  all  probability,  of  corresponding  changes  of 

climate. 

The  King  Steps  sandstones  of  Nairn  present  characters 
which  link  them  with  the  L.O.R.  on  the  one  side,  and  with 
U.O.R.  on  the  other.  In  the  angularity  of  their  constituent 
particles  they  coincide  «with  the  Lower,  in  the  prevailing  char- 
acter of  their  felspars  with  the  succeeding  beds  of  the  Upper, 
but  this  not  in  any  pronounced  degree.  Their  fossils,  however, 
are,  with  one  exception,  which  is  also  found  in  the  U.O.E.  of 
Scaat  Craig,^  different  from  those  of  either.  These  beds  are 
probably  best  regarded  as  transition  beds  between  the  Lower 
and  Upper  beds  proper.  The  climate  of  the  time  was  probably 
temperate,  but  on  the  whole  perhaps  less  moist  than  the  present. 

At  Scaat  Craig  the  particles  generally  are  very  finely  rounded, 
while  the  felspars  are  highly  kaolinised.  We  infer,  therefore, 
at  this  time  the  prevalence  of  a  warm  and  moist  climate,  with 
the  accompaniment  of  winds  of  some  force.  Fragments  of 
felsite,^  compact  and  vesicular,  are  not  infrequent  in  this  series 
and  in  that  of  Newton,  which  immediately  succeeds,  and  have  to 
be  carefully  distinguished  from  kaolinised  felspars  which,  when 
in  small  particles,  they  very  closely  resemble.  In  the  Newton 
series  the  felspars  pass  to  the  other  extreme,  and  are  there  found 
as  pre-eminently  fresh  as  they  were  kaolinised  in  the  forgoing 
division.  •  Fragments  of  graphic  granite  as  fresh  as,  or  even 
fresher  than,  specimens  taken  from  the  pegmatite  veins  on  the 
Rothes  Bum,  from  some  of  which  these  Newton  fre^nients  were 
probably  themselves  derived.  Neither  these  fragments  nor  the 
large  flakes  of  red  felspar  from  the  same  locality  show  any 
alteration  of  their  surfaces,  such  as  we  find  in  pebbles  that  have 
been  exposed  to  the  influence  of  the  climate  of  to-day.  Frag- 
ments of  felsite,  which  are  generally  angular,  occur  up  to  4 
inches  in  diameter  and  down  to  the  size  of  ordinary  sand  grains, 
and  pebbles  of  quartzite,  mostly  subangular,  up  to  6  inches 
diameter,  and  there  are  also  present  fragments  of  sandstone 
both  from  the  earlier  division  of  the  Upper  Old  Red  of  Scaat 
Craig  and  from  the  L.O.R.  to  the  west.  The  prevailing  felspar 
is  a  fine  red,  and  has  probably  been  derived  in  large  part  from 

•  HoloptychiuH  decoratiut. 

^  It  docH  not  appear  to  have  been  noted  that  the  volcanic  fragments  in  the 
L.O.R.  roc^ks  are  uniformly  porphy  rites  (diabase);  in  the  U.O.R.  as  unifornily 
felsitic,  some  of  the  smaller  fragments  in  the  Newton  being  even  glMsy  i" 
character. 
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the  felspar  of  Kinsteary  granite,  though  a  proportion  has  been 
undoubtedly  derived  from  the  pegmatite  veins  of  the  area  to  the 
south-west.  Fragments  of  schist  from  the  same  area  also  occur. 
We  have  here  indicated,  I  think,  a  period  of  local  glaciation  during 
which  the  neighbouring  granitic  mountains  of  Kinsteary  and 
probably  also  of  Ardclach  sent  down  glaciers  to  the  old  lake 
Local  glaciation  at  mai-gin.  In  this  connection  it  is  worth  re- 
Newton,  cording  that  the  remains  of  that  peculiar  fish 
Psammodeus  Taylori,  which  up  to  the  present  has  only  been  found 
in  the  Newton  division  of  the  U.O.R.  Sandstone,  are  found  most 
plentifully  in  the  very  roughest  beds  tliere.  The  dermal  plates  of 
this  fish  have  been  found  quite  half  an  inch  in  thickness,  and 
the  association  would  seem  to  indicate  that  this  was  an  adapta- 
tion to  keep  out  the  cold.  Did  this  cold  snap  kill  off  the  .i^enus  ? 
No  Psammosteus  remains  of  any  kind  have  been  found  in  the 
succeeding  beds  of  the  series !  The  Cornstone  succeeds,  but  it 
is  difficult,  on  the  strength  of  the  felspar  determinations,  to 
decide  what  were  the  particular  conditions  of  climate  then  pre- 
vailing. It  probably  represents  a  period  of  depression  following 
the  period  of  local  glaciation.  No  fossils  have  up  to  tlie  present 
been  found  in  this  division.  During  the  closing  or  Eosebrae 
rli\ision,  to  judge  from  the  felspars,  a  similar  climate  prevailed. 
From  the  degree  of  rounding  of  its  constituent  particles,  tlie  fine- 
ness of  its  sediments,  which  are  all  but  uniformly  fine  and  with- 
out a  pebble  over  a  distance — probably  orijTinally  continuous, 
Rosebrae,  warmer,  ^^  "^^  ^^ss  tlian  twenty  miles — from  Dallas  to 
drier,  windier  than  Spey  Bridge — we  would  infer  that  a  unifonn 
present.  climate  prevailed,  warmer,  drier  and  possibly 
somewhat  windier  than  the  present. 

The  Eeptiliferous  rocks  succeed.  Keasons  for  believing  that 
they  have  been  derived  in  the  main  from  the  U.O.R.  beds  below, 
from  the  Rosebrae  division  in  particular,  have  been  given  in 
a  previous  paper.  But  as  fragments  of  the  same  volcanic  rocks, 
mostly  of  the  size  of  sand  grains,  are  found  in  tliem,  as  in  tlie 
Newton  series,  the  latter  probably  also  contributed  their  quota. 
From  the  one  series  to  the  other,  the  debris  has  been  transferred 
Reptiliferous.  De-  ^7  the  agency  of  wind,  more  quickly,  as 
rived  felsfrfirs.  would  be  natural — and  probably  also  aided 

Agency  of  wind.  \^y  water — in  the  early  part  of  the  series,  as 
shown  by  the  pebble  band  at  the  base  containing  a  higher  pro- 
portion of  fresh  felspars.  Later,  the  transference  was  effected 
less  quickly,  as  the  higher  proportion  of  kaolinised  felspars 
shows  that  the  chemical  agencies  had  longer  time  to  act, 
though  the  presence  of  occasional  rounded  grains  of  fresh 
red  felspar  indicates  that  some  were  more  quickly  transferred 
tlian  others.     The  theory  of  derivation  makes  it  difficult  to 
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draw  any  reliable  deduction  as  to  climate  from  the  condition  of 
the  included  felspars,  considering  that  after  having  been  included 
in  the  sediments  of  two  diffei-ent  periods  they  failed  to  reach  a 
degree  of  kaolinisation  equal  to  that  which  obtains  under  the 
eliniate  of  to-day,  and  also  that  wind  has  been  the  agent  of  trans- 
port, there  is  good  ground  for  l)elieving  that  the  climate  of  the 
time  was  warmer,  drier,  and  certainly  windier  than  the  present 
Some  difference  in  degree  l)etween  the  Cuttieshillock  division 
and  the  rest  nf  tlie  series  appears  to  l)e  indicated  by  results. 

For  the  sake  of  completeness  a  couple  of  determinations  of  tlie 
Oolite  of  the  area  have  l>een  made — one  from  a  small  patch  of 
Siindstone  faulted  against  the  Keptiliferous  rocks  at  Lossiemouth, 
the  other  from  the  Hrora  area.    In  the  first  there  is  a  large  pre- 
Oolite.    Dry  and      ponderauce  of  fresh  felspars.     This  in  a  fine 
warm.    Variations     grained   sandstone  with   markedly  angular 
indicatwl.  particles  is  an  anomaly,  and  probably  indi- 

cates a  warm,  dry,  and  calm  climate.  Tliese  fine  sediments 
have  probably  l^een  carried  Ijy  low  rivers,  their  marked  angu- 
larity generally  contra-indicating  the  operation  of  wind.  The 
Hrora  specimen  shows  some  degree  of  rounding  of  the  grains, 
a('companie<l  l)y  a  prepcmderance  of  kaoliniseil  felspars.  A 
change  of  climate  is  indicated  in  the  direction  of  more  moistun* 
and  more  wind. 

Appended  to  the  paper  are  tables  of  results  giving  the  pro- 
portions of  the  different  felspars  in  the  specimens  examined, 
along   with   a    series   of   curves   n»presenting  graphically  tlie 
variations  in  the  several  formations.     These  have  been  traced 
^  ^,        ^  ^  bv  first  distributing  the  intermediate  group 

lableH  and  Curves.         '  _, .         n       i     .  .i  j.\  x  I 

proportionally  l)etween  the  other  two.  and 
plotting  from  r>0  as  a  datum  line,  vpwarda  for  a  prepon- 
derance of  hiolinued  felspars,  downwards  in  the  case  of 
a  prey)onderance  of  fresh  felspars.  The  curves  so  obtaine<l 
show  at  a  glance  the  variations  of  climate  that  have  taken 
place.  For  reasons  that  will  be  evident  they  are  not  to  ha 
interpreted  purely  in  the  light  of  tempemture  charts. 

The  evidence  of  the  condititms  of  climate  of  long  past  geo- 

Evidence  of  climate     logical  periods  has  hitherto  rested  mainly 

from  the  inorganic      on  the  diameters  of  their  animal  or  plant 

side  of  nature.  remains.     From  this   source  it  is  m  some 

cases  adniittedly  ec[uivocal,  in  others  is  probably  misleatling,  in 

many  cases  is  entirely  non-existent.     If  reliable  evidence  coiiM 

be  obtained  from  the  inorganic  side  of  nature,  a  point  would 

certainly   be   gained.    With    the   view    of   showing   that    the 

problem  may  be  attacked  from  this  side,  rather  than  with  the 

intention  of  recording  definite  results,  has  the  present  paper 

been  comniunicate<l. 
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LYl.— The  Hereford  Earthquake  of  Deceiaher  17,  1896,  con- 
sidered in  relation  to  Geological  Structure  in  tJie  Bangor- 
Anglesey  Region}    By  Edward  Greenly.    (Plate  XXVIa.) 

(Read  7th  April  1898.) 

CONTENTS, 
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2.  ROCKS  COMPOSING  THE  DISTRICT. 

3.  STRUCTURAL  RELATIONS. 

4.  SEISMIC  EFFECTS  OBSERVED. 

5.  CONCLUDING  CONSIDERATIONS. 

1.  Physiography. — Broadly  speaking,  Carnarvonshire  and 
Anglesey  consist  of  portions  of  two  ancient  and  deeply  denuded 
plateaux.  The  higher  of  these,  which  may  be  called  the 
mountain  plateau,  is  part  of  that  very  extensive  massif  out  of 
which  has  been  sculptured  the  mountain  country  of  North 
Wales  as  a  whole.  It  ends  off  somewhat  abruptly  in  Car- 
narvonshire along  a  NE.-SW.  line  drawn  from  near  Conway 
towards  Nevin,  and  passing  a  little  to  the  NW.  of  Llanberis. 
Seen  from  Anglesey  its  profile  appears  as  that  of  a  very  flattened 
dome,  some  forty  miles  in  length,  and  reaching  a  maximum 
elevation  of  3500  feet.  The  lower  plateau  has  an  average  height 
of  about  300  feet,  and  comprises  the  island  of  Anglesey  and  a 
part  of  the  mainland  some  four  miles  wide,  lying  to  the  NW. 
of  the  line  above  mentioned,  and  may  be  called  the  Bangor- 
Anglesey  or  the  Menai  plateau.  The  Menai  Strait  is  merely 
the  deepest  of  a  series  of  well-marked  NE.-SW.  valleys  by 
which  it  is  traversed. 

2.  Rocks  com/posing  the  District. — The  mountain  plateau  is 
composed  of  Cambrian  and  Ordovician  rocks  (the  latter  largely 
>  olcanic),  all  of  which  are  more  or  less  cleaved  and  hardened  by 
compression,  forming  a  thick  and  very  resistant  mass. 

The  Bangor-Anglesey  plateau,  with  which  we  are  more 
immediately  concerned,  is  composed  of  rocks  which  for  seismo- 
logical  purposes  may  be  grouped  as  follows : — 

Glacial  Drifts. 

Carboniferous  i-ocks. 

Ordovician  series. 

Bangor  volcanic  series  (in  Bangor  area). 

Schistose  Complex. 

'  The  results  and  suggestions  given  in  this  i)a|»er  occun-ed  to  me  while  collect- 
ing reports  for  Dr  Charles  Davison,  owiug  to  whose  kind  encouragement  I  have 
ventured  to  publish  them.  I  believe  I  may  be  permitted  to  add  that  abundant 
material  for  much  more  extended  enquiry  of  the  same  kind  will  be  provided  in  a 
work  upon  this  Earthquake  which  Dr  Davisou  is  now  preparing. 
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The  Glacial  Drifts  lie  chiefly  in  the  valleys,  where  they  reach 
a  thickness,  occasionally,  of  as  much  as  100  feet. 

The  Carboniferous  series  has  a  maximum  thickness  of  about 
2900  feet,  of  which  1100  feet  are  limestone,  the  remainder  being 
sandstones  and  shales  belonging  chiefly  to  the  Coal-measures 
and  the  Millstone  Grit.  The  limestone  group  includes  some  beds 
of  sandstone. 

The  Ordovician  rocks  are  chiefly  black  shales  and  brown 
sandstones,  rather  soft.  For  seismological  purposes  it  must  be 
observed  that  this  series  has  a  very  different  character  in  the 
Bangor-Anglesey  area  from  that  which  it  has  in  the  mountain 
region.  There  it  is  cleaved  and  hardened  by  pressure,  and  con- 
tains immense  masses  of  igneous  rocks  in  bed,  sills,  and  bosses. 
Here  cleavage  is  faint  or  absent,  and  there  are  no  igneous  rocks 
of  stmctural  importance,  so  that  the  whole  series  is  much  less 
hard  and  resisting. 

The  volcanic  group  of  Bangor  (Cambrian  or  pre-Cambrian) 
consists  of  large  masses  of  felsite  and  a  series  of  bedded  pyro- 
clastic  rocks  varying  from  breccieis  with  large  blocks  of  lava  to 
fine  laminated  halleflintas,  all  very  hard  and  resistant. 

The  pre-Ordovician  rocks  of  Anglesey  are  for  the  present  pur- 
pose regarded  as  a  structural  unit,  because  although  exceedingly 
various  in  character,  they  appear  to  be  all  more  or  less  foliated. 
The  types  most  prevalent  are  rather  fine  chloritic  and  micaceous 
schists,  but  there  are  large  masses  of  quartzite  and  complex 
granitoid  and  gneissose  rocks,  as  well  as  considerable  areas  which 
are  described  as  slaty  rather  than  as  schists  truly  crystalline. 
The  series,  however,  in  all  but  the  farthest  N.  and  NW.  por- 
tions of  the  island,  may  saiely  be  regarded  as  bound  together 
by  a  common  foliation,  and  possessing  the  character  of  a  crystal- 
line foliated  complex. 

3.  Structural  Relations, — ^ Along  the  line  where  the  mountain 
region  adjoins  the  Bangor- Anglesey  area,  Cambrian  slates  and 
grits  dip  SE.  at  high  angles,  from  60''-90^  so  that  whatever 
views  be  held  on  certain  stratigraphical  points  stQl  under  con- 
troversy in  the  last-named  region,  there  can  be  no  doubt  but 
that  those  grits  and  slates  must  plunge  rapidly  down  just  within 
the  mountain  area,  and  pass  underneath  the  great  Snowdonian 
syncline  at  very  great  depths  below  sea  level. 

Between  the  mountains  and  the  Straits  the  ground  is  oc- 
cupied by  large  masses  of  felsite,  and  undulating  beds  of  grit 
and  slate,  till  a  large  NE.-SW.  fault  brings  in  softer  Ordovician 
shales,  which  form  a  broad  valley  deeply  laden  with  drift  In 
the  immediate  neighbourhood  of  Bangor  (see  Map,  Fig.  1.) 
the  volcanic  rocks  above  mentioned  emerge,  dipping  at  very 
high  angles,  from  beneath  these  shales,  forming  a  steep  and 
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^1 

rocky  hill.     A  valley  succeeds,  in  wliich  are  Ordo-  ^ 

vician  shales  again,  apparently  bounded  by  two 
NE.-SW.  faults  which  coalesce  near  the  Railway 
Station;  and  in  this  hollow  lies  the  old  city  of 
Bangor.  Upper  Bangor  stands  on  another  NE.-SW. 
range  of  hill,  also  composed  of  the  volcanic  rocks, 
l>eyond  which,  bounded  by  a  fault  with  a  maximum 
throw  of  some  1800  ft.  and  formin<r  a  very  marked 
feature,  comes  the  Carboniferous  Limestone,  dip- 
ping at  modei-ate  angles  generally  to  the  SE.  It 
forms  an  undulating  tract  of  country  along  the 
shores  of  the  Straits,  which  are  about  40  ft.  deep.^ 
In  Anglesey,  the  Schistose  Complex  appears  in  four 
main  areas,  separated  by  strips  of  Ordovician  and 
Carboniferous  rocks.  The  structures  in  the  Schis- 
tose series  itself  are  exceedingly  complicated,  far 
too  much  so  to  allow  of  any  attempt  at  present  to 
treat  it,  for  seismological  purposes,  otherwise  than 
as  a  structui-al  as  well  as  lithological  unit.  Suffice 
it  to  say  that  it  is  intensely  and  minutely  contorted, 
and  that  its  constituents  are,  so  far  as  I  myself 
know  them,  interfelted  in  the  manner  that  is  cliar- 
jicteristic  of  crystalline  schists,  and  which  ujust  !? 
certainly  influence  the  transmission  of  vibrations  ^ 
in  a  different  way  from  the  structures  of  either 
ordinary  igneous  or  sedimentary  rocks.  The  Ordo- 
vician rocks  overlie  them  unconformably,  and  are 
disposed  in  what  are  probably  much  disturbed 
synclinal  areas,  ranging  for  the  most  part  NE.-SW., 
and  apparently  of  considerable  depth,  the  dips 
being  often  at  high  angles  close  to  the  junctions. 
The  Carboniferous  rocks  again,  lie  unconformably 
upon  them  and  all  the  older  rocks.  The  principal 
mass  (see  Section,  Fig.  2)  lies  in  a  semi-s}Ticline 
bounded  on  the  SE.  by  a  very  lar<,'e  fault  or  system 
of  faults  ranging  completely  through  the  island 
from  Kedwharf  to  Malldraeth  Bay.  This  fault  has 
a  throw  of  2300  ft.,  and  the  Carboniferous  strata 
descend  to  more  than  2000  ft.  below  sea  level. 

The  strikes,  throughout  the  whole  Bangor- 
Anglesey  area,  are  for  the  most  part  NE.-SW. 
The  dips,  moreover,  it   may  be   noted,  are  (not 

^  There  is  reason  to  suppose  tliat,  Elastward  of  the  Tubalar 
Bridge,  the  floor  of  the  Straits  is  comix)sed  of  Ordovician  shales 
(Geol.  Mag.,  1898,  pp.  560-562).  To  the  SW.  of  that  Bridge, 
Carboniferous  rocks  probably  form  the  floor. 
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considering  those  in  the  contorted  Schistose  Complex)  generally 
to  the  SE. ;  except  in  the  large  Ordovician  area  of  Llanerchy- 
medd,  when  the  prevalent  dip  is  N\V. 

The  difficult  question  of  the  age  of  the  Schistose^  ^oek^ 
cannot  for  seisniological  purjwses  l)e  altogether  ignored.  They 
have  been  variously  regarded  as  Pre-Cambrian,  as  Cambrian, 
and  as  including  possibly  both  of  these  with  even  Ordovician 
rocks  as  well,  by  different  authors.  Now  it  is  manifest  that, 
if  Pre-C'ambrian,  this  complex  must  l)e  part  of  an  old  floor  on 
which  all  the  other  fonnations,  of  the  mainland  as  well  as 
of  Anglesey,  repose,  and  through  which,  therefore,  all  the 
seismic  vibrations  nmst  have  been  transmitted.  If  Cambrian, 
the  same  condition  holds  gooii,  though  the  mass  itself  might  l)e 
of  less  depth.  But  if  in  great  part  (3rdovician,  such  rocks  might 
be  but  a  thill  skin  in  which  the  condition  for  the  trausiuissioii 
of  vibrations  might  not  differ  seriously  from  those  in  the  setli- 
luentary  masses  of  known  age  in  the  area. 

Fortunately,  however,  it  is  the  N.  area  concerning  whose 
age  there  is  the  most  doubt :  there  having  been  of  late  apparently 
a  tendency  to  a  general  consensus  of  opinion  that  the  Central 
and  SK  regions  are  of  Pre-Cambrian  age ;  and  these  w^ere  the 
only  portions  in  which  I  have  any  evidence  of  the  shock 
having  been  felt.  But  the  question  cannot  tet  be  regardeil 
as  settled. 

4.  Sfismic  Effects  ohserred. — The  reports^  show  clearly  that 
the  intensity  of  the  shock  diminished  rapidly  in  a  XW. 
direction,  the  last  reliable  records  which  T  have  obtained  having 
been  from  Trescawen,  near  Llangwyllog,  and  Aberffraw  on  the 
W.  coast.  All  replies  from  observers  situated  further  t^) 
the  NW.  have  been  in  the  negative.  In  the  niountain 
country,  on  the  contrary,  it  appears  to  have  been  generally 
felt.  Therefore  the  SE.  portion  of  the  Bangor-Anglesey 
area,  a  zone  about  fourteen  miles  wide  from  SE.  to  XW., 
seems  to  have  been  a  region  in  which  the  sensible  effects  of  the 
shock  were  dying  out.^ 

Now,  allowing  for  gradual  decrease  of  intensity  as  shown, 
the  varying  reports  seem  to  show  that,  within  this  zone,  the 
sliock  was  felt  most  powerfully  in  houses  standing  upon  the 
Carboniferous  and  Ordovician  rocks,  less  so  in  those  upon  the 
hard  volcanic  series  of  Bangor,  and  least  of  all  in  those  upon  the 
Schistose  Complex  of  Anglesey. 

Were  it  possible  to  draw  the  isoseismals  with  accuracy,  we 

*  The  following  remarks  are  base<l  not  only  upon  the  written  reports  vsome 
40  in  number)  sent  in,  but  upon  enquiries  made  in  Anglesey  by  several  persous, 
covering  considerable  areas  in  parts  where  little  or  no  shock  was  felt. 

2  Dr  Davison  tells  me,  however,  that  it  was  felt  further  out  from  the  Epicentre, 
in  a  NW.  direction. 
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should  probably  find  them  sharply  incurved  around  the  areas 
occupied  by  the  last-named  rocks,  or  inliers  even  occurring  of 
outer  and  lower  isoseismals. 

Moreover,  all  reports  of  the  shock  having  been  felt  within 
the  Schistose  areas  are  from  observers  situated  close  to  the 
margins  of  those  areas,  i.e.,  to  junctions  witli  Carboniferous  or 
Ordovician  rocks.  General  reports  from  the  heart  of  the  (Jentral 
area  seem  to  show  that  it  was  there  scarcely  felt  at  all,  while 
the  reports  from  Tregaian  and  Bodorgan  are  near  junctions* 
Much  more  remarkable  is  the  immunity  of  the  SE.  region, 
throughout  the  heart  of  which  I  cannot  find  that  any  shock  at 
all  was  felt,  while  from  stations  on  its  outer  edge  considerable 
disturbance  is  reported.  Moderate  disturbance  is  reported  from 
the  margin  of  the  Straits,  again  near  the  margin  of  the  Schistose 
complex ;  and  in  "  Menai  Bridge,*'  a  large  village  or  small  town 
where  1  know  many  people,  I  have  only  been  able  to  find  one 
person  who  felt  anything,  although  from  a  house  at  the  Carnar- 
vonshire end  of  the  Bridge,  on  the  Carboniferous  Limestone,, 
a  very  decided  shock  is  reported. 

It  is  to  be  noted  that  not  only  are  the  Carboniferous  and 
Ordovician  rocks  probably  far  less  elastic  than  the  crystalline 
schists,  but  that  they  are  also  (as  about  Beaumaris)  much  more 
deeply  covered,  as  a  rule,  with  J^oulder  Clay. 

In  the  Bangor  area  itself,  although  the  shock  was  felt  upon 
the  hard  volcanic  series,  there  is  a  general  agreement  among 
all  persons  that  it  was  far  more  strongly  felt  in  Lower  or  old 
Bangor,  t.e.,  on  (or  within  a  few  yards  of  the  boundaries  of)  the 
faulted  wedge  of  Ordovician  shales  (see  map  and  section).  It 
seems  also  to  have  been  more  felt  upon  the  Carboniferous  rocks 
near  the  Straits,  so  far  as  I  can  gather,  than  upon  the  old 
volcanic  series. 

Witli  regard  to  faults,  I  cannot  discover  the  slightest  connec- 
tion between  the  shock  and  any  of  the  larger  faults  which 
traverse  the  district.  My  own  house  is  built  as  nearly  as 
possible  upon  one  of  them,  but  none  of  my  household  felt  it  at 
all.  It  is  true  that  in  Anglesey  some  of  the  boundary  lines 
near  which  the  shock  was  felt  are  faults,  one  a  very  large 
fault ;  but  the  connection  appears  to  be  with  boundary  rather 
than  with  fault,  for  the  increase  in  intensity  is  quite  as  marked 
at  junctions  which  are  certainly  not  faults  (Bodorgan),  and  near 
others  (Beaumaris,  Menai  Bridge,  Llanfair,  Tregaian),  which 
may  not  be  faults  at  all,  or,  at  any  rate,  not  large  ones. 
Indeed,  the  movement  seems  to  have  been  propagated  through 
the  district  in  a  direction  normal  to  the  fault  planes,  and  so 
across  them,  modified  only  by  their  presence  as  vertical  or 
highly  inclined  junctions  between  rocks  of  different  character. 
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A  certain  luiinber  of  observers  have  given  their  impressions 
{nearly  all  unsolicited)  as  to  the  direction  of  the  movement. 
I  have  plotted  these  upon  the  maps,  and  it  will  be  seen  that 
tliey  are  all  from  somewhere  between  R  and  S.  Allowing  for 
personal  error  in  a  matter  which  I  should  think  very  difficult 
to  l)e  sure  of,  and  also  for  actual  variation  through  a  moderate 
angle,  there  is  a  fairly  general  agreement  as  to  movement  from 
a  SE.  direction.  I  cannot  correlate  the  discrepancies  with  any 
•facts  such  as  nature  of  rock,  dip,  or  strike,  for  the  differences 
are  often  between  observers  on  the  same  strata.  But  perhaps 
the  rapid  variation  in  material,  especially  in  the  Bangor  area, 
and  the  way  in  which  it  is  traversed  by  large  faults,  which 
must  be  vertical  junctions,  are  quite  sufficient  to  produce  these 
deflections. 

Condvding  Cansideratiofis. — A  full  explanation  of  the  facts 
here  recorded  is,  I  suppose,  at  present  impossible,  and  would  in 
any  case  be  a  task. rather  for  the  seismological  specialist  than 
for  the  geologist.  A  few  considerations,  however,  naturally 
occur. 

The  general  result  that  the  shock  was  felt  inversely  to  the 
degree  of  elasticity  of  the  rocks  is  in  accord  with  previous  results 
obtained  in  cases  where  the  contrast  was  much  greater  and  the 
effects  of  the  shocks  more  obvious. 

Next :  that,  on  the  rocks  least  affected,  the  shock  should  be 
fielt  more  powerfully  near  large  boundary  faults  is  not  difficult  to 
understand.  The  whole  district  is  far  removed  from  the  epicentre, 
and  the  impulse  must  therefore  have  been  propagated  at  a 
low  angle  to  the  horizon,  thus  meeting  the  fault  planes  at  angles 
not  much  less  than  90' ;  so  that  any  effects  due  to  reflection 
would  tend  to  be  well  marked.  The  reason  is  less  clear,  how- 
ever, why  a  similar  exaggeration  should  be  observable,  as  seems 
certainly  to  be  the  case  at  Bodorgan,  where  the  margin  of  the 
nietamorphic  rocks  is  simply  the  present  outcrop  of  the  base  of 
an  uncontormably  overlying  series.  Why  should  the  schists  be 
more  perceptibly  shaken  because  some  half  mile  away  they  are 
vverlsLin  by  later  limestones,  shales,  and  sandstones?  It  is 
certain,  however,  that  an  impulse  propagated  at  a  low  angle  to 
the  horizon,  and  from  the  SPl,  would  (see  Fig.  2)  have  had 
to  pass  through  the  mass  of  the  Carboniferous  series  before 
entering  the  crystalline  schists  of  Bodorgan.  For  any  such 
impulse  to  escape  that  path,  it  must  have  been  travelling  at 
more  than  20"  to  the  horizon.  The  impulse,  therefore,  would 
in  this  case  also  have  had  to  pass  from  one  series  of  rocks  to 
another,  though  at  a  very  much  smaller  angle  to  the  plane  of 
junction  than  in  the  case  of  the  faults.  Whether  this  may  be 
really  sufficient  to  account  for  the  observed  facts,  I  do  not 
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know,  but  commend   the  case  to   the  consideration  of  seis- 
mologists. 

Is  it  possible,  also,  that  the  prevalent  SE.  dip  of  the  stratified 
iDcks  may  have  assisted  the  transmission  of  undulations  propa- 
gated at  a  moderate  angle  upwards  from  the  SK  ?  And  may 
ilie  fact  that  the  Ordovician  rocks  of  Ilanei-chymedd  dip  NW. 
account  for  the  vibrations  disappearing  •  altogether  NW.  of 
Ti-escawen,  and  not  reappearing  (though  of  course  in  any  case  , 
luar  their  extinction)  at  all  in  the  usual  way  near  the  junction 
with  the  schists  ? 

With  regard  to  the  stratigraphical  position  of  the  Schistose 
Complex,  a  most  important  question  arises.  If  it  be  true  that 
this  complex  is  of  pre-Cambrian  age,  then  (as  we  have  said) 
it  must  form  a  floor  upon  which  all  the  other  systems  in  the 
district  repose ;  and  therefore,  before  the  seismic  impulse  could 
have  been  communicated  to  any  of  these,  it  must  have  traversed 
the  crystalline  schists.  The  problem,  then,  .presents  itself  as  to 
why  the  shock  should  be  less  felt  after  transmission  through 
crystalline  schists  alone,  that  is,  in  the  regions  where  they 
reach  the  surface,  than  in  districts  where  they  are  covered 
hy  later  deposits.  For,  in  any  case,  the  shock  must  have 
travelled  through  the  schists  first,  and  its  final  passage 
through  1000  feet  or  more  of  less  elastic  and  stable  rocks 
would  seem  to  have  increased  rather  than  diminished  its 
intensity. 

Finally,  in  this  connection  there  is  a  curious  consideration  that 
may  be  of  some  importance.  All  the  older  Palaeozoic  rocks, 
and  a  fcn^tiori,  the  Archaean  floor  beneath  them,  descend  to 
jrreat  depths  in  the  l)ottoni  of  the  Snowdonian  synclinal  fold. 
That  axis  passes  about  midway  between  the  sections  in  Merioneth 
and  Carnarvonshire  from  which  the  thickness  of  the  lower  parts 
of  the  series  have  been  measured;  so  that  it  is  reasonable  to 
suppose  that  the  Cambrian  system  has  there  a  thickness  inter- 
mediate between  those  it  displays  at  the  measured  sections. 
If  we  calculate  this  thickness  at  9600  ft.,  and  add  it  to  tliat  of 
the  depth  of  the  base  of  tlie  Arenig  slates  [as  shown  in  Sir 
A.  C.  Eamsay's  section  (Mem.  Geol.  N.  Wales,  Geol.  Survey)], 
we  find  that  the  surface  of  the  Archaean  floor  in  the  lowest 
part  of  the  great  syncline  cannot  be  less  than  17,600  ft.  below 
sea  level.  Protracting  the  angle  which  this  makes  with  the 
point  of  emergence  of^tlie  Schistose  Complex  on  the  shores  of  the 
Menai  Straits,  we  find  it  to  be  not  less  than  W-IT.  In  the 
case  of  a  seismic  impulse  reaching  Anglesey  at  a  low  angle 
from  a  centre  far  distant  to  the  SE.,  it  would  appear  that  this 
stmctural  fact  must  have  some  influence. 

It  is  customary  to  sum  up  a  paper  with  a  paragraph  of 
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"  conclusions."  The  present  communication,  however,  would  be 
better  summed  up  in  one  of  "  interrogations."  But,  as  a 
geologist,  it  appears  to  me  that  much  may  yet  be  learnt  con- 
cerning the  influence  of  geological  structure  on  seismic  mani- 
festations: especially  in  districts  where  we  have  any  correct 
knowledge  of  that  stnicture  at  considerable  depths  below  the 
surface. 
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LVII. — On  an  Ash  Neck  in  the  Broxburn  Shale  Workings  at 
Fhilpstoun,  By  Henry  M.  Cadell,  B.Sc,  F.B.S.E.,  F.G.S. 
With  an  Appendix  by  J.  8.  Flett,  M.A.,  B.Sc. 

(Read  7th  April  1898.) 

While  revising  the  Geological  Survey  Map,  Sheet  '^2  (including 
the  oil  shale  fields  between  Edinbui^h  and  Linlithgow),  several 
years  ago,  I  had  reason  to  alter  the  mapping  of  numerous  out- 
crops of  tuflfj  shown  on  the  first  edition  of  the  sheet  as  len- 
ticular beds,  and  to  indicate  them  on  the  new  edition  of  the 
map  as  volcanic  necks  more  or  less  circular  in  plan.  At  that 
time,  so  far  as  I  was  aware,  there  were  no  perfectly  clear 
natural  sections  in  the  district  showing  the  wallfc  of  the  old 
volcanic  pipes  and  their  relation  to  the  surrounding  sedimentary 
rocks.  There  was  therefore  still  some  little  room  for  doubt  as 
to  the  true  character  of  such  volcanic  outcrops.  In  1896,  how- 
ever, an  excellent  section  of  a  true  volcanic  neck  was  revealed 
in  the  workings  of  the  Philpstoun  Oil  (/ompany  in  the  Brox- 
burn shale  seam.  While  driving  a  level  at  a  depth  of  about  120 
feet  below  the  surface  in  this  seam  of  oil  shale,  the  miners 
found  the  dip  of  the  strata  to  change  suddenly  from  north  to 
east  The  trend  of  the  level-course  (which  coincides  with  the 
strike)  was  at  first,  roughly  speaking,  an  easterly  and  westerly 
one,  and  as  the  level  was  being  driven  towards  the  east,  the 
change  of  dip  caused  it  to  swing  round  to  the  south,  and  it  was 
followed  for  some  distance  in  this  direction.  A  cross-cut  was 
then  driven  south-eastwards  from  the  roof  of  the  seam  hori- 
zontally through  the  strata,  and  after  penetrating  a  few  yards 
into  the  overlying  strata  the  miners  were  suddenly  confronted  by 
a  vertical  wall  of  hard  volcanic  material,  somewhat  slicken sided, 
like  the  face  of  a  fault.  'J'he  mine  was  driven  right  through 
this  obstruction,  and  after  about  a  year  and  a  half  of  laborious 
work  the  shale  was  found  on  the  other  side  in  good  condition, 
but  dipping  t<jwards  the  north-west  at  a  steep  angle.  The 
walls  of  the  neck  were  ([uite  perpendicular,  and  the  tliickness  of 
the  volcanic  plug  was  360  feet  from  wall  to  wall  along  this 
Hue  of  section.  Several  bores  had  been  previously  made  on  the 
surface  of  the  ground  near  the  place,  and  some  of  these  struck 
ash  where  shale  was  to  be  expected,  while  others  near  them 
VOL.  VII.  PART  IV.  2  I 
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reached  the  shale  in  its  normal  position.  The  ground  is  covered 
with  drift,  so  that  no  rock  is  exposed  at  the  place,  and  therefore 
the  results  of  the  borings  were  at  first  very  difficult  to  under- 
stand, but  the  whole  problem  was  satisfactorily  solved  by  the 
operations  just  described  in  the  workings  beneath. 

The  nec*k  is  oval  in  plan  and  about  700  feet  in  thickness 
along  its  greatest  diameter,  and  is  situated  inmiediately  below 
Gallowscrook,  half  a  mile  NE.  of  Philpstoun  station.  It  is  one 
of  the  many  plugs  of  volcanic  ejectamenta  that  pierce  the  Calci- 
ferous  Sandstone  strata  in  this  district,  some  of  which,  like  this 
one,  are  no  doubt  concealed  l)elow  the  drift,  but  othei-s,  such  as 
the  Tor  Hill  at  Ecclesmachan,  project  like  knots  in  an  old  and 
well-wom  floor. 

Tlirough  the  kindness  of  Mr  A.  H.  Crichton,  the  manager, 
I  was  enabled  to  examine  the  exposure  in  the  mine  more  than 
once.  There  was  little  or  no  evidence  of  contact-metamorphism 
or  thermal  action  to  be  seen.  The  oil  shale  was  almost  un- 
altered to  within  a  foot  or  two  of  the  neck,  but  at  places  it 
showed  some  signs  of  induration  by  heat  in  the  immediate 
neighbourhood  of  the  ash.  The  line  of  division  was  perfectly 
sharp  and  regular,  and  the  surface  of  the  volcanic  rock  showe<l 
signs  of  liaving  subsided  after  consolidation  and  drawn  down 
the  surrounding  strata,  so  as  to  make  them  dip  inwards  on  all 
sides  like  a  funnel.  The  actual  junction  was  occupied  by  a  few 
inches  of  crushed  shale  or  soft  breccia,  such  as  is  common  on 
the  hanging  walls  of  faults. 

The  tuff  itself  varied  greatly  in  character  and  structure.  It 
was  mostly  tine  grained  and  light  coloured,  and  was  at  places 
excessively  hard,  almost  flinty  in  texture,  but  when  exposed  to 
the  weather  it  soon  crumbled  down  into  sandy  mud. '  Here  and 
there  it  was  impregnated  with  iron  pyrites  and  contained  large 
blocks  of  black  shale  and  other  sedimentarj'  inclusions,  or  again, 
it  was  interspersed  with  small  drusy  cavities  or  veins  of  pitch  or 
solid  paraffin,  derived  no  doubt  from  the  distillation  of  the 
hydro-carbons  in  the  shale.  It  is  not  necessary  to  descril)e 
the  petrographical  character  of  the  tuff*,  as  Dr  Flett,  who 
made  an  examination  of  specimens  from  different  parts  of  the 
section,  has  kindly  supplied  the  appended  results  of  his  in- 
vestigation. 

Ash  necks  such  as  this  suggest  several  interesting  questions. 
Sir  A.  Geikie,  in  his  valuable  work  on  the  Carboniferous  Vol- 
canic Rocks  of  the  Forth  Basin,^  deals  at  some  length  with  the 
volcanic  necks  of  this  part  of  Scotland,  and  refers  to  the  pieces 
of  wood  of  coniferous  trees  that  are  often  found  embedded  in 
the  ash.  These  fragments  show  that  the  volcanoes  during 
»  Trana.  R.S.E.,  vol.  xxix.  p.  466. 
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jieriods  of  quiescence  were  clothed  witli  vegetation  which  was 
shattereil  during  later  eruptions  to  the  splinters  and  blocks 
now  found  buried  in  the  tuff.  When  trees  grew  on  the  vol- 
canoes the  cones  must  have  been  above  sea  level,  but  I  have 
also  found  in  the  ash  of  some  of  these  necks  rounded  quartz 
pebbles  over  an  inch  in  diameter,^  and  the  ash  of  this 
fiarticular  neck  contains  a  considerable  quantity  of  quartz 
sand  or  fine  gravel  mixed  with  the  calcareous  and  felspathic 
ingredients.  Materials  of  this  nature  evidently  show  that 
this  was  a  submarine  volcano,  or  at  least  that  it  burst  out 
under  a  sandy  or  gravelly  surface,  such  as  an  estuary,  where 
the  current  was  strong  enough  to  move  along  coarse  detritus. 

Another  interesting  point  is  to  be  noted.  Whenever  we  find 
a  neck  or  volcanic  pipe  filled  with  ash  alone,  like  this  one, 
and  containing  no  crystalline  eruptive  rock,  it  is  clear  that 
we  are  more  or  less  near  to  tlie  crater  or  orifice  of  the  old 
volcano.  Ash  or  volcanic  dust  and  scoria  is  produced  by  the 
rapid  expansion  of  the  water  in  the  lava  as  it  rises  to  the 
surface  and  permits  the  water  to  flash  into  the  gaseous  state 
and  blow  the  melted  rock  into  small  fragments  by  the  force 
of  the  explosion.  The  lower  part  of  a  volcanic  pipe  is  full  of 
melted  rock,  and  it  is  inconceivable  that  ash  can  fill  it  to  any 
ctjnsiderable  depth.  The  ash  that  drops  down  into  the  heated 
depths  will  become  fused  up  again  where  the  temperature 
reaches  that  of  fluid  lava,  and  only  the  upper  and  colder  part 
of  the  column  near  the  surface  and  IdcIow  the  crater,  will 
continue  to  remain  in  the  clastic  state. 

Volcanoes  are  generally  found  near  water,  and  in  some  cases, 
such  as  that  of  Mount  Tarawera  in  New  Zealand,  it  seems 
pretty  certain  that  eruptions  have  been  originated  by  the 
water  finding  its  way  down  in  large  quantities  to  the  heated 
lava  below,  and  causing  it  to  expand  and  burst  up  at  weak 
spots  or  along  fissures.^  As  soon  as  the  pressure  is  sufliciently 
relieved  the  steam  will  explode  with  terrific  force,  blowing 
out  large  craters  along  the  fracture  or  line  of  weakness.  No 
lava  reached  the  surface  in  the  case  of  Tarawera,  but  prodigious 
quantities  of  scoritie  and  lapilli  were  thrown  out,  and  pieces  of 
slaggy  lava  were  splashed  against  the  sides  of  the  craters, 
showing  that  this  rocky  matrix  was  the  parent  of  the  dust 
and  ashes,  and  proving  that  the  latter  could  not  fill  the 
vents  to  any  enormous  depth.  At  present  the  principHl 
craters  of  Tarawera  are  huge  pits  whose  walls  are  nearly  vertical, 
with  depths  reaching,  in  some  cases,  to  over  800  feet.   The  bottom 

'  See  author's  paper  on  the  yolcanic  Rooks  of  the  Borrowstounness  Coalfield, 
Trans.  G.S.E.,  vol.  iii.,  1880,  p.  313. 
*  See  the  description  of  this  volcano  in  Trans.  G.S.E.,  vol.  vii.  p.  195. 
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of  these  is  filled  chiefly  with  ash  aud  loose  materials  that  have 
fallen  in  after  the  expulsive  force  of  the  eruption  had  so  dimin- 
ished as  Uj  prevent  the  escaping  gases  keeping  the  vents  clear. 
How  far  down  the  plugs  of  ash  may  extend  it  is  impossible  to 
ascertain.  Lava  can  l^  seen  in  the  bottom  of  one  or  two  of  the 
craters  on  the  summit,  but  other  craters,  such  as  that  now  ot*- 
cupied  by  Lake  Kotomahana  at  the  foot  of  the  mountain,  were 
originally  huge  holes  whose  bottoms  were  over  3000  feet  behiw 
the  edge  of  the  highest  crater.  If,  therefore,  the  upper  pait  of 
the  lava  under  the  mountain  did  not  rise  as  a  whole  to  a  higher 
level  than  the  deepest  part  of  the  great  crater  of  Botomahaua, 
the  ash  plug  in  the  high  level  vents  may  reach  down  to  deptlis 
of  at  least  3000  feet  from  the  summit,  800  feet  of  which  remains 
still  open,  and  liable  in  time  to  become  filled  up  with  the  i>ro- 
ducts  of  ordinary  subaerial  denudation.  From  this  point  of  Wew 
an  ash  neck  might  pierce  strata  3000  feet  in  thickness  or  more. 
But  there  are,  on  the  other  hand,  many  examples  of  volcanoes 
whose  lava  has  risen  to  the  veiy  surface  and  welled  quietly  over 
without  producing  any  ash  at  all,  like  many  of  the  cones  in  the 
Kocky  Mountain  plateaua 

Where  water  is  plentiful  the  probability  is  that  the  explosive 
force  will  be  great  owing  to  the  greater  quality  of  expansive  gases 
present,  and  therefore  the  tendency  will  be  to  produce  more  ash 
than  lava.  Now  during  the  Carboniferous  period  the  volcanoes 
were  at  first  submarine,  and  thus  we  should  expect  more  ash  than 
solid  lava  among  the  products  of  their  earlier  eruptions.  This  is 
what  we  find  in  West  Lotliian  more  especially.  The  necks  are 
mostly  of  ash  mixed  with  sand  and  fragments  of  the  underlying 
rocks,  and  above  the  horizon  of  the  Houston  Coal  there  are  l^eds  of 
green  and  red  marl,  mixed  at  places  with  fragments  of  tuff  which 
mark  the  first  series  of  eruptions  that  were  continued  throughout 
almost  the  whole  of  the  Carboniferous  Limestone  period.  Tlie 
so-called  Houston  Marl  appears  to  be  a  bed  of  exceedingly  fine- 
grained volcanic  mud  produced  by  the  decomposition  and  re- 
arrangement by  water  of  extensive  eruptions  of  ash  over  a  wide 
district.  It  occurs  at  a  higher  horizon  than  the  Broxburn  shale, 
and  I  am  inclined  to  tliink  that  some  of  the  ash  necks  that  pierce 
the  beds  below  the  Houston  Coal  may  be  the  source  of  the  marl 
above  the  se^im. 

The  majority  of  the  necks,  however,  including  the  one  at 
Philpstoun,  are  most  likely  connected  with  the  sheets  of  inter- 
bedded  basalt  and  diabase  of  the  Carbonifei'ous  Limestone  series 
a  few  miles  to  the  west,  or  more  probably  they  represent  the 
remains  of  volcanoes  of  the  same  age  in  the  immediate  vicinity, 
the  upper  parts  of  which  have,  with  the  sedimentary  be<is 
surrounding  them,  been  entirely  denuded  away. 
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Appendix  by  John  S.  Flett,  M.A.,  B.Sc. 

Of  the  various  liand  specimens  of  rocks  from  the  Philpstoun 
neck  which  I  examined  and  prepared  sections  of,  there  seemed 
to  l)e  three  principal  varieties  sufficiently  well  marked  to  be 
described  separately.  The  freshest  of  all  was  a  fine-grained, 
reddish  rock,  evidently  largely  arenaceous  in  composition,  and 
filled  with  fragments  of  dull-brown  volcanic  rock,  angular, 
vesicular,  and  on  an  average,  of  the  size  of  a  pea.  The  micro- 
scope showed  this  to  be  an  ashy  sandstone,  the  sand  grains  well 
roimded,  and  evidently  the  product  of  the  disintegration  of  areas 
of  granite  and  gneiss.  Weathered  felspar  in  small  quantity  was 
present  among  the  sand  grains.  The  volcanic  fragments  were 
pecuUar  in  consisting  entirely  of  a  clear  brown  volcanic  glass, 
full  of  cavities,  and  with  only  minute  felspar  microlites.  The 
jrlass  was  still  so  fresh  and  unaltered  as  to  be  perfectly  isotropic. 
It  resembled  closely  some  of  the  basaltic  pumices  of  the  Sand- 
wich Islands. 

The  second  group  of  these  rocks  were  black,  with  large 
inegular  white  spots.  The  black  material  was  evidently  a 
comminuted  shale  with  a  small  quantity  of  sand.  The  white 
spots  turned  out  to  be  basaltic  lapilli  so  entirely  decomposed 
that,  though  their  original  constituents  could  be  pretty  well 
identified,  not  one  of  their  characteristic  optical  properties  was 
to  be  observed.  They  had  in  fact  suffered  the  '*  white  trap " 
moditication  so  common  in  intrusive  basic  sheets  which  pene- 
trate oil  shales.  In  the  highly  turbid  material  composing  them 
the  ghosts  of  felspar  and  augite  crystals  could  be  recognised  by 
their  shapes,  but  no  trace  of  the  original  minerals  remained,  all 
having  been  converted  into  kaolin  and  calcite. 

The  third  series  was  white  or  dull  grey  in  colour,  with 
cavdties  often  lined  with  sticky  plastic  bitumen.  These  were 
similar  rocks  to  the  preceding,  but  with  much  less  admixture  of 
dark  shale.  Some  may  have  been  intrusive  veins,  but  others  were 
true  hofl's.  Compared  with  white  trap  proper  these  rocks  had  the 
hemicrystalline  porphyritic  structure  of  the  basalts  as  against 
the  coarser  diabase  structure.  Around  their  numerous  cavities 
were  dark  opaque  rims  which  disappeared  on  heating  the  section 
to  bright  redness,  and  were  no  doubt  bituminous  organic  matters. 
Within  these  calcite  was  usually  deposited,  a  feature  which 
proves  that  the  bitumen  was  produced  probably  while  the  frag- 
ments were  still  hot,  and,  at  any  rate,  before  the  infilling  of  the 
vesicles  of  the  volcanic  lapilli. 
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LVIII. — On  Phenocrysts  of  MicropegmatiU,     By  JoHX  S.  Flett, 
M.B.,  B.Sc.,  Edin.    (Plate  XXVII.) 

(Read2l8t  Aprill898:) 

The  occurrence  of  phenocrysts  of  microi)egiiiatite  in  acid  igneous 
rocks  is  of  sufficient  rarity  to  make  every  new  obsen'atiun 
worth  placing  on  record.  In  two  cases  they  are  known  to  be 
present  in  British  rocks — in  the  ancient  felsite  of  Woodwick, 
near  Fishguard.  Pembrokeshire,  as  shown  by  Mr  F.  E.  Cowper 
Reed,  F.G.S.,^  and  in  the  granophyric  quartz-porphyries  of  the 
Cheviots  mentioned  by  Mr  Harker  *  as  shown  him  by  Mr  Kynas- 
ton.  From  America  Professor  Iddings  has  described  two 
occurrences,  one  from  the  recent  rhyolite  of  obsidian  cliff,  the 
other  from  the  rhyolites  of  the  Eureka  district'  In  ZirkeFs 
*'Lehrbuch  der  Petrographie,"  ed.  2,  several  instances  are  cited 
(p.  150  and  p.  228),  but  he  takes  occasion  to  remark  on  their  great 
rarity.  As  they  have  come  under  my  notice  in  three  different 
rocks  within  a  comparatively  short  time,  it  is  probable  that 
after  all  they  are  more  common  than  is  generally  believed,  as 
certainly  they  are  of  wide  distribution  in  acid  rocks  of  hemicr}'- 
stalline  character. 

In  a  slide  of  the  well-known  Liparite  of  Hlinik  in  Hungary, 
in  the  Edinbui-gh  University  Collection,  occurs  a  single  section 
of  a  micropegmatite  pheiiocryst.  In  the  many  slides  of  this 
rock  I  have  examined  I  have  found  no  other.  In  ordinary 
light  it  exactly  resembles  the  corroded  and  broken  sanidine 
crystals  which  are  abundant  in  the  rock.  Its  outlines  are 
irregular,  but  not  more  irregular  than  theirs.  But  in  polarised 
light  it  is  seen  to  be  a  sanidine  with  the  characteristic  cleavage 
cracks  and  penetrated  by  numerous  inclusions  of  quartz,  some 
of  which  are  triangular  but  others  shaped  like  the  letter  L 
(see  pi.  xxvii.,  fig.  1).  These  extinguish  simultaneously  and 
yield  the  same  polarisation  colours  throughout,  with  the  excep- 
tion of  three  or  four  which  seem  to  have  also  a  common  ex- 
tinction differing  very  slightly  from  that  of  the  majority.  Both 
quartz  and  sanidine  contain  glass  cavities  filled  with  the  brown 

*  Reed,  QuaH.  Jmir.  Geol.  Soc,,  vol.  li.  p.  162. 
«  Harker's  "  Petrology  for  Students,"  ed.  2,  p.  110. 

'  Iddings,  7th  Annual  Report  of  the  U.S.  Geological  Survey,  p.  274,  pi  xv. 
Iddings,  Monograph  xx.,  U.S.  Geological  Survey,  p.  375,  pi.  v.  fig.  2. 
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glass  which  forms  the  rock  matrix.  Felspar  forms  the  chief 
part  of  the  aggr^te  and  envelopes  the  quartz,  but  the  irregular 
border  is  formed  by  the  edges  of  areas  of  both  minerals,  and 
there  seems  to  have  been  no  final  rim  of  felspar,  or  if  formed,  it 
has  been  removed  by  the  corrosion  to  which  the  phenocrysts 
have  been  subjected. 

The  pink  felsite  of  the  Black  Hill,  Pentlands,  is  a  rock  well- 
known  to  Edinburgh  geologists.  It  forms  a  mass  intrusive  into 
the  Old  Red  Sandstone  series,  and  the  specimens  examined  were 
mostly  collected  from  the  outcrop  on  the  left  side  of  the  path 
from  Bavelaw  to  Loganlee  Keservoir.  It  is  sometimes  lustrous 
and  very  fresh  in  appearance,  but  in  other  cases  dull  and 
spotted  with  small  pale  spots.  It  was  found  that  the  latter 
specimens  were  comparatively  rich  in  micropegmatite  pheno- 
crysts, which  were  less  common  in  the  lustrous  rock.  Micro- 
scopic sections  show  that  this  is  a  microgranite  with  a  holo- 
crystalline  ground  mass  consisting  of  small,  irregular-shaped 
crrains  of  quartz  and  orthoclase,  stained  red  with  a  deposit  of 
limonite  and  haematite,  and  filled  with  small  Hakes  of  musco- 
vite,  probably  of  secondary  origin.  Orthoclase,  plagioclase 
and  quartz  are  present  as  porphyritic  crystals,  never  of  large 
size.  The  former  presence  of  biotite  is  indicated  by  occasional 
pseudomorphs  of  chlorite  filled  with  rutile  (sagenite)  and  other 
dark  substances,  and  showing];  the  outlines  and  cleavage  of  dark 
mica,  and  in  a  few  cases  the  mineral  is  sufiBciently  fresh  to 
show  its  optical  properties  and  pleochroic  halos. 

In  this  rock  phenocrysts  of  micropegmatite  are  veiy  numerous 
and  of  relatively  large  size,  and  in  most  respects  closely  resemble 
tiiose  described  by  Iddings  from  the  Eureka  district,  Nevada 
(see  pi.  xxvii.,  figs.  2,  H,  4).  The  intergrowth  of  quartz  and  felspar 
is  on  a  scale  so  minute  that  the  thinnest  sections  are  required  to 
render  it  evident.  Many  of  these  crystals  ai-e  compound  and 
consist  of  a  group  of  individuals  joined  together  and  radiating 
from  a  common  centre.  Here  and  there  occur  masses  of  quite 
irregular  outlines  resembling  some  of  tiiose  figured  by  Mr 
Cowper  Reed.  Comparatively  few  show  any  trace  of  the 
outlines  of  quartz,  but  some  have  'a  lozenge-shaped  outline 
resembling  the  section  of  a  double  hexagonal  pyramid,  and  in 
tiiese  the  extinction  is  parallel  to  the  diagonals.  Felspar  is 
here  again  the  dominating  mineral  and  forms  the  matrix  in 
which  the  quartz  lies  embedded  in  masses  generally  of 
wedge-shaped  outline,  and  the  most  perfect  phenocrysts  are 
those  which  clearly  show  the  outlines  of  orthoclase  felspar. 
(See  pi.  xxviL,  fig.  4.) 

The  faces  commonly  represented  are  110,  010,  001,  101, 
(/,  M  F,  x),  and  Carlsl)ad  twinning  is  frequent.     The  crystals 
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are  tabular  on  the  clinopinakoid.  The  felspar  forms  also  iu 
many  cases  a  clear  border  around  the  phenocryst,  which  is  si) 
fresh  and  un weathered  as  to  be  difficult  to  distinguish  from 
quartz  except  by  using  a  gypsum  plate.  A  similar  border  is 
found  around  many  of  the  ordinary  felspars  of  the  rock,  and  to 
tlie  presence  of  this  rim  of  later  felspar  must  no  doubt  be 
ascribed  the  very  great  perfection  in  which  the  micropegmatite 
phenociysts  show  the  outlines  of  felspar.  It  indicates  also  a 
complete  absence  of  cliemical  resorption  during  the  later  stages 
of  consolidation  which  is  rather  unusual. 

The  felspar  of  these  aggregates  is  never  plagioclase  though 
that  is  not  unfrequent  in  the  rock.  In  a  few  cases,  however,  a 
small  plagioclase  has  been  found  to  form  a  nucleus  around 
which  micropegmatite  lias  crystallised.  More  usually  an  ortho- 
clase  forms  such  a  nucleus,  though  most  commonly  there  is 
none,  and  the  aggregate  consists  simply  of  micropegmatite 
with  a  peripheral  zone  of  clear  felspar. 

In  the  consolidation  of  this  rock  the  following  have  ob\iously 
been  the  stages — 

I.  Crystallisation  of  mica,  plagi(x»lase,  orthoclase,  quartz,  as 

phenocrysts. 
II.  Formation  of  micropegmatite  by  simultaneous  separation 
of  quartz  and  orthoclase  from  the  magma,  deposition 
having  taken  place  around  pre-existing  felspars  in  some 
cases  but  not  in  others.  The  crystallisation  of  the 
felspar  has  out-lasted  that  of  the  quartz. 
III.  Formation  of  the  microgranitib  ground  mass. 

If  we  compare  this  with  other  rocks  showing  graphic  inter- 
growths  of  ([uartz  and  felspar  we  have  the  three  following 
types :  — 

a.  In  which  the  wliole  rock  is  graphic,  e.g.,  graphic  granite. 
Stage  II. 

6.  In  which  the  graphic  structure  is  confined  to  the  ground 
mass  while  the  rest  of  the  rock  is  crystalline.  This  is 
the  usual  type  and  represents  Stages  I.  and  II.  above,  e.g., 
giunophyre,  many  'granites,  etc. 

c.  The  type  represented  by  the  Black  Hill  Felsite,  in  which 
the  formation  of  micropegmatite  is  merely  an  episode  in 
the  rock's  history,  and  does  not  continue  till  consolida- 
tion is  complete.  This  seems  to  be  exceptional  in  the 
natural  history  of  igneous  rocks.  The  micropegmatite 
may  form  irregularly  shaped  aggregates — though  these  are 
possibly  corroded  phenocrysts — or  may  have  the  outlines 
of  felspar,  as  that  is  usually  the  dominating  mineral, 
and  is  the  last  to  cease  crystallising. 
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A  point  of  great  interest  in  these  micropegmatite  aggregates 
is  their  very  perfect  hour-glass  structure  (figs.  2, 3, 5).  which,  when 
the  intergrowth  is  on  a  minute  scale,  closely  imitates  that  of 
many  rock-forming  minerals,  such  especially  as  occurs  in  the 
augites  of  hasic  rocks.  This  results  from  the  shape  and  dis- 
position of  the  areas  of  quartz,  which  are  elongated  with  their 
long  axes  perpendicular  to  the  four  faces  by  which  the  crystals 
are  usually  bounded,  as  seen  in  section.  Hence  in  such  a 
section  the  quartz  strings  tie  approximately  in  two  systems 
crossing  at  right  angles.  A  similar  appearance  may  be  obtained 
by  taking  a  piece  of  notepaper  and  drawing  lines  on  it  perpen- 
dicular to  its  sides.  If  two  diagonals  be  then  drawn  from  comer 
to  comer  these  will  form  the  boundaries  of  four  areas,  the  oppo- 
site two  being  similar,  while  any  contiguous  two  are  dissimilar. 
Unlike  the  "spherulites  "  of  many  granophyres  these  strings  of 
quartz  are  not  truly  radiate  in  disposition.  During  the  whole 
history  of  these  growths  they  must  have  preserved  crystalline 
outlines,  the  boundaries  being  similar  to  those  shown  by  the 
completed  structure,  and  the  outermost  layer  consisting  of 
patches  of  quartz  alternating  with  felspar.  As  the  crystal 
enlarged,  these  areas  must  have  gradually  broadened,  hence  the 
genei-ally  wedge  shape  of  the  quartz  patches,  the  apex  being 
inwards,  the  base  outwards.  New  areas  of  quartz  were  also 
occasionally  formed,  as  there  are  more  wedges  in  the  periphery 
than  in  the  centre  of  the  crystal.  In  some  cases  this  structure 
is  not  very  perfect,  the  quartz  in  places  having  an  irregular 
arrangement,  but  in  many  it  is  very  marked,  and  the 
specimens  figured  by  Iddings  show  the  same  feature.  This 
suggests  that  the  hour-glass  structure  of  many  apparently 
simple  minerals  may  have  the  same  explanation.  Such  cry- 
stals are  generally  regarded  as  having  first  been  hollow, 
like  "  hopper-shaped "  crystals  of  rock  salt  or  hollow  ice  cry- 
stals, the  result  of  a  more  rapid  growth  of  the  edges  than  of  the 
centre  of  the  faces,  and  subsequently  to  have  had  these  spaces 
filled  up  with  a  deposit  of  slightly  different  composition  and 
optical  properties.  To  this  theory  of  their  origin  there  is  an 
obvious  objection  that  crystals  with  hollow  ends  are  most  usual 
in  the  minute  crystallites  of  glassy  rocks,  and  are  never  of  such 
size  as  the  large  hour-glass  cr^'stals,  and  it  would  have  been 
naturally  expected  that  crystals  with  ends  imperfectly  filled  up 
should  be  not  uncommon.  But  these  crystals  are  not  really 
simple,  but  consist  of  isomorphous  admixture  of  two  or  more 
alUed  minerals,  as  is  seen  also  by  their  general  zonal  structure. 
If  then  we  suppose  those  minerals  to  have  intergrown  in  the 
same  way  as  the  quartz  and  felspar  in  the  micropegmatite 
aggregates,  the  one  lying  in  strings  and  wedges  imbedded  in  the 
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other,  and  these  to  lie  mostly  perpendicular  to  the  faces  which 
bound  the  crystal,  we  have  an  explanation  which  at  any  rate  is 
in  accordance  with  the  observed  facts.  That  the  nucroscojie 
does  not  reveal  such  a  structure  in  the  case  of  hour-glass 
augites  and  other  minerals,  may  be  due  to  the  fact  that  the 
component  isomorphous  silicates  do  not  differ  so  markedly  in 
optical  characters  as  do  quartz  and  felspar,  and  also  to  the 
structure  being,  as  in  many  cryptoperthite  felspars,  ultra- 
microscopic  in  minuteness,  as  some  of  the  microp^;matite 
aggregates  in  this  rock  in  all  probability  are. 

Another  question  of  gre^t  interest  raised  by  these  structures 
is  whether  there  exists  any  definite  relationship  in  the  relative 
positions  of  the  crystallographic  axes  of  the  minerals  composing 
them.    In  two  minerals  so  closely  associated  it  is  more  usual  to 
find   that    some   method   of  parallel  growth  is  present   than 
the  eontrar)',  as,  for  example,  between  muscovite  and  biotite, 
orthoclase  and  plagioclase,  hornblende,  augite,  and  hypersthene. 
Here  the  minuteness  of  structure  baffled  idl  attempts  to  get 
satisfactory  interference  figures  to  settle  the  point,  as  was  found 
also  by  Iddings  in  the  Nevada  rocks.    But  it  is  worth  observing 
that  should  a  parallel  growth  between  them  exist,  it  can  only 
be  of  one  kincl.     Many  of  the  felspars  are  Carlsbad  twinned, 
and  throughout  a  section  of  these  the  quartz  extinguishes  often 
simultaneously.     The  principal  axis  then  of  the  quartz  must 
have  such  a  position  in  the  felspar  that  it  is  not  modified  in 
direction  by  the  twinning.     Three  directions  are  the  same  for 
both  halves  of  a  Carlsbad  twin,  one  being  that  of  the  axis  oi 
the  prism  zone,  another  perpendicular  to  it  and  the  clinopina- 
koid — the  orthodiagonal ;   and  a  third  perpendicular  to  those 
two,  the  normal  to  the  orthopinakoid,  and  to  one  of  these  tlie 
principal  axis  of  the  quartz  must  in  such  a  case  be  parallel 
But  it  is  far  more  likely  that  there  is  no  definite  relationshij* 
between  the  axes  of  the  two  minerals,  and  that  quartz  may 
intergrow   with   felspar   in   any   position.     This  conclusion  is 
necessitated  by  the  fact  that  in  one  felspar  (»ertain  areas  of 
quartz  may  extinguish  in  one  position,  others  in  another,  and 
between  these  positions  no  evident  connection  may  be  made 
out.     In  felspar  sections,  which,  as  far  as  can  be  ascertaine^l, 
are  as  nearly  as  possible  in  parallel  directions,  the  extinction  of 
these  sets  of  quartz  patches  may  vary  widely  from  one  another. 
Such  couhl  not  be  the  ease  in  a  parallel  growth  after  the  law 
just  explained,  and  as  no  other  directions  satisfy  the  necessary 
conditions,  it  seems  proved  that  the  relationship  lietween  the 
two  minerals  is  an  entirely  arbitrary  one,  however  much  their 
intimate  association  and  frequent  intergrowth  may  predispose 
us  to  a  contrary  conclusion. 
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Phenocrysts  of  micropegmatite  occur  also  in  the  quartz- 
porphyry  ("  Felsophyre ")  of  Nossen,  Saxony,  and,  as  will  be 
seen  from  the  photograph  (plate  xxviL,  fig.  5),  they  show  an 
almost  complete  resemblance  to  those  of  the  Black  Hill  felsite. 
Here  we  have  the  same  hour-glass  structure  resulting  from  the 
i^ular  disposition  of  the  quartz  wedges  in  two  systems,  with 
their  axes  perpendicidar  to  the  four  principal  faces  of  the 
crystal.  The  micropegmatite  is  much  coarser  than  in  the 
Scottish  rock.  The  outlines  of  the  crystal  are  obviously  those 
of  felspar,  though,  owing  to  the  absence  of  a  felspar  rim,  the 
idiomorphism  is  not  complete,  the  margin  being  largely  com- 
posed of  quartz  grains  of  irregular  shape  and  orientation.  The 
formation  of  quartz  has  in  this  case  outlasted  that  of  felspar, 
without  leaving  any  trace  of  the  outlines  of  quartz  in  the 
aggregate.  In  polarised  light  the  felspar  as  a  whole  has  a 
uniform  extinction,  but  this  is  only  roughly  true  of  the  quartz, 
certain  areas  of  which  extinguish  in  a  slightly  different  position 
from  the  remainder. 


PLATE  XXVII. 

Fig.  1. — Corroded  mioropegmAtite  phenocryst  from  the  Liparite  of  Hlinik, 
HuDsary,  magnified  15  diams. 

Fig.  2  — Micropegmatite  phenocryst  from  Black  Hill,  Pentlands,  x  35  diams. 
The  section  passes  traversely  across  the  end  of  an  honr-glass  crystal.  It 
consists  of  five  areas,  four  of  which  are  marginal,  and  in  each  the  quartz 
lies  in  strings  perpendicular  to  the  face  of  the  crystal.  In  the  central 
area  the  quartz  strings  are  cut  obliquely,  being  perpendicular  to  a  face 
not  seen  in  section,  and  roughly  parallel  to  the  plane  of  the  slice. 

Fig.  3. —  Do.  magnified  85  diametei-s,  a  longitudinal  section  of  an 
hour-glass  crystal  showing  four  marginal  areas,  and  in  the  centre  a  small 
patch  which  is  the  hour-glass  segment  of  one  of  the  faces  parallel  to  the 
plane  of  section,  cut  transversely. 

Fig.  4. —  Do.  part  of  a  large  phenocryst,  x  25  diameters.  (From  a 
section  kindly  given  roe  by  Mr  Allan  M.  Douglas.) 

Fig.  5. — From  the  Felsophyre  of  Nossen,  Saxony,  x  16  diameters. 
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LIX. — On  the  Occurrence  of  Carhonifcrom  Lwiestone  Fossils  oi 
Viewforth,  near  Largo.  Fife.  By  James  W.  Kibkby. 
(Plate  XXVIII.) 

(Head  2l8t  April  1898.) 

The  Fifeshire  ('oal-iuea«ures  are  traversed  by  a  series  of  larjre 
east  and  west  faults,  which  being  all  risera  north,  thrust  the 
strata  to  the  e^ist  step  by  step,  until  the  last,  and  most  northerly, 
cuts  off  the  field  in  that  direction  where  it  runs  into  the  sea  at 
the  Temple,  at  the  far  end  of  the  village  of  Largo.  This  is 
evidently  the  largest  fault  of  the  set,  for  on  the  shore  are  seen 
the  Red  beds  of  the  Coal-measures  on  the  one  side  of  the 
dislocation,  and  strata  considered  to  belong  to  the  Carboniferous 
Limestone  Series  on  the  other.  It  has  always  been  difficult, 
however,  to  estimate  the  amount  of  throw  of  the  fault  on 
account  of  the  absence  of  any  known  bed — such  as  a  limestone, 
or  of  fossils  {Stigmaria  excepted)  in  the  last  mentioned  rocks, 
from  which  some  idea  of  their  horizon  might  be  obtained.  As 
a  possible  help  in  this  direction  these  remarks  are  ofiFered,  lus 
they  record  the  recent  discovery  of  marine  fossils  in  the  strata 
in  question. 

These  strata  extend  only  a  short  distance — about  500  yards 
— along  the  shore  and  then  end  abruptly  against  the  volcanic 
ash  that  commences  at  Viewforth  and  ranges  by  Johnston's 
Mill  eastward.  They  mainly  consist  of  thin  light-coloured 
sandstones,  shales,  and  fireclays,  along  with  three  or  four  coaly 
bands.  Altogether  there  are  nearly  sixty  feet  of  them.  For 
the  most  part  they  lie  rather  flat,  dipping  gently  inland  in 
synclinal  curves,  except  at  the  east  and  west  ends,  where  they 
rise  into  small  anticlines  (now  planed  down)  before  dipping 
against  the  Temple  fault  in  the  one  case,  and  into  the  ash  on 
the  other.  When  the  shore  has  been  well  scoured  by  an 
easterly  gale  the  section  is  a  very  instructive  bit  of  geolog}'. 
At  other  times  when  partly  hidden  by  sand  it  is  not  so  easily 
read. 

The  detailed  succession  of  these  l)ed8  is  as  follows : — 

Ft.  Ids. 

1.  Sandy  shale  with  irregular  sandstone  bands,  reddish 

above,  grey  below.     Seen  at  high-water  mark    .    10    0 

2.  Yellow  sandstone,  thin-bedded  and  ripple-marked 

below.     Fragments  of  plants       .  .50 

3.  Grey  shale  with  flat  ironstone  nodules  .50 
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i. 

8. 

9. 
10. 
11. 
12. 
13, 
14. 
15. 
16. 


17. 
18. 

19. 


Grey  shale  and  fireclay  with  bands  of  black  shale 
and  coal.     Stigmaria    .... 

light  fireclay  with  many  sandy  concretions 

light  sandy  fireclay  with  two  3-inch  bands  of  black 
shale  and  coal.  Full  of  Stigmarian  roots  and 
rootlets  ..... 

An  irregular  bed  of  soft  sandstone  . 

light  sandy  fireclay.     Stigmaria 

Light  sandy  shale,  well  stratified 

Dark  grey  shale      .... 

Sandstone    ..... 

Sandstone  and  shale 

Grey  shale   ..... 

Sandy  bands  and  shale 

Sandy  shale  .... 

Calcareous  shale  with  cement  -  stone  nodules, 
Crinoids,  Productus,  AvicuU/peden,  and  other 
marine  fossils      .... 

Shale  ..... 

Black  shale  with  tliin  liand  of  coal  below.  Fish- 
remains  and  stray  marine  shells 

Fireclay 


Ft.  Ins. 
5  0 
3     0 


3 

1 
4 
2 
1 
6 
6 
1 
2 
1 


1 
0 


0 
6 
0 
6 
6 
0 
0 
2 
0 
0 


0     9 


The  lowest  beds  are  only  seen  at  the  east  anticline,  where 
they  crop  out  in  an  acutely-ovate  way  all  round  a  flat  ci'own  of 
the  fireclay  No.  19.  It  is  here  where  the  fossiliferous  shales  are 
seen,  and  only  here,  for  the  roll  of  the  strata  at  the  west  end  of 
the  section  does  not  bring  beds  so  low  to  the  surface  again. 
The  accompanying  horizontal  secticm  may  assist  in  making  this 
description  clear. 

The  fossils  occur  chiefly  in  the  shale  and  cement-stone 
nodules,  No.  16;  though  some  are  found  in  the  black  shale, 
Xo.  18.  They  are  not  numerous — the  Ostracoda  excepted — 
and  require  some  looking  for.  Few  of  the  specimens  that  have 
been  obtained  are  perfect ;  and  most  of  them  are  small,  and 
apparently  of  dwarfed  growth.  This  is  the  case  even  with  the 
Ostracoda,  which,  as  well  as  being  the  most  abundant,  are  the 
most  characteristic  species  of  this  little  fauna. 

In  No.  18,  there  occur  the  scales,  teeth,  and  bones  of  small 
ganoid  fish ;  some  palatal  teeth,  and  a  few  specimens  of  twcj^ 
species  of  moUusca  : — Leda  attenuafa  and  Lingula  mytiloidra. 

The  following  List  includes  all  the  s{)ecies  found : — 

Mollusca. 

Loxonema  (?)  sp. 
Naticopsis  sp. 
Pleurotomaria  sp. 
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Moll  U8ca — v4>rUinued. 

Leda  attenuata,  Fleming. 

Aviculopecten  sp. 

Pteronites  sp. 

Athyris  Boyssii,  Lev. 

Terebratula  sp. 

Productus  semireticulatus,  Martin,  var.  Martini 

Discina  nitida,  Phillips. 

Lingula  mytiloides,  Sowerby. 
Polyzoa. 

Fenestella  sp. 

Ceriopora  similis,  Pliill. 
Echinodermata. 

Archiocidaris  sp. 

Crinoid  stems. 
Entoniostraca. 

Cypridina  Phillipsiana,  Jones. 

Cytherella  valida,  Jones  and  Kirkby. 

var.  affiliata. 

sp.  nov. 

sp.  nov.  (?) 


Bairdia  plebeia,  Reuss. 

Kingii,  Keuss. 

ampla  (?)  Keuss. 

siil)elonf;ata,  J.  &  K. 

nitida,  J.  &  K. 

amputata,  Kirby. 

siliquoides,  J.  &  K. 

curta,  M'Coy,  var. 

legumen,  J.  &  K. 

subinucronata,  J.  &  K. 

brevis,  J.  &  K. 

Hisingeri  (Milnster). 

sp.  nov. 

Bairdia  (?)  requalis,  D'Eichwald. 
Bythocypris  thraso  (?)  J.  &  K. 

cuneola,  J.  &  K. 

Phillipsiana,  Jones  &  Holl,  var.  carbonica. 

(?)  sp.  nov. 

Darwinula  Berniciana  (?)  Jones. 
Krithe  subreniformis,  J.  &  K. 
Foraminifera. 

Endothyra  Bowmani,  Phillips. 

globularis,  D'Eich. 

radialis,  Brady. 

Lagena  Parkeriana,  Brady.' 
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The  larger  fossils  (MoUusca,  etc.),  of  this  List  are  such  as  are 
known  and  as  might  be  expected  to  occur  in  Carboniferous 
Limestone  strata,  but  neither  as  a  j^roup  nor  individually  do 
they  mark  any  particular  horizon  in  that  division.  In  fact, 
several  of  them  are  found  in  the  upper  portion  of  the  Calci- 
fei-ous  Sandstone,  and  the  species  of  Lingvla,  Discina,  and 
ProductuH  range  up  as  high  as  the  Coal-measures. 

The  Entomostmca  are  in  the  main  Carboniferous  Limestone 
species,  though  they— nearly  all  of  them — are  met  with  as  low 
down  in  the  Calciferous  Sandstone  as  the  "  Encrinite  Bed." 
Two  of  them,  Bairdia  nitida  and  KritJie  si(ireniformi%  have 
not  hitherto  been  found  out  of  Lower  Carboniferous  strata. 
Bairdia  {?)  mqualis  was  previously  known  only  from  Russia, 
and  the  species  referred  to,  Bairdia  Kingii,  is  a  Permian  form 
which  has  not  l)een  seen  in  Carboniferous  strata  before.  Still 
the  great  number  of  Bairdice  in  the  List  seems  to  stamp  the 
•^noup  as  of  Carboniferous  Limestone  age,  for  it  is  only  in  that 
formation  that  the  membere  of  this  genus  are  ever  really 
abundant  as  species  and  individuals. 

Nevertheless  there  is  something  that  is  peculiar  about  these 
httle  fossils  as  a  group.  They  are  mostly  of  small  growth,  and 
they  are  a  plain  lot  as  to  surface  and  other  ornament,  which  is 
mainly  due  to  the  absence  of  species  of  Leperditiay  Beyrichia, 
and  Kirkhya,  that  are  nearly  always  represented  among  the 
Ostracoda  of  the  Carboniferous  Limestone  series.  These 
features,  along  with  presence  of  new  forms,  give  the  group  a 
character  diflerent  to  any  other  that  I  have  studied  from 
('arboniferous  strata,  and  so  render  it  difficult  to  say  as  to 
what  particular  horizon  it  may  be  likely  to  l:>elong. 

It  may  be  added  that  none  of  these  Entomostraca  have  ever 
been  found  in  the  Coal-measures.  The  same  may  be  said  of  the 
Foraminifera. 

However,  as  tending  towards  fixing  its  horizon,  it  seems  safe 
to  say  that  it  is  neither  the  Levenseat  nor  the  Gair  Limestone, 
which  are  the  two  first  calcareous  beds  below  thn  Millstone 
Grit,  both  of  which  are  well-marked  and  persistent  limestones 
in  Fife,  as  well  as  in  other  parts  of  Scotland.  The  former,  in 
fact,  is  seen  in  its  normal  thickness  about  two  miles  to  the 
north-west,  at  Tomsford,  where  it  was  formerly  worked  for  lime 
bumhig,  and  the  latter  rather  further  away,  in  Kennoway  Den, 
and  on  the  coast  at  Pathhead.  These  are  good  limestones,  with 
chamcteristic  and  well  developed  suites  of  fossils  that  have 
no  resemblance  to  the  Viewforth  bed  in  any  way. 

The  next  well-known  marine  zone  is  the  Index  Limestone, 
which  is  thin  and  not  often  exposed  in  natural  sections,  though 
sometimes  passed  through  in  sinking  and  boring  to  the  lower 
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coals  in  Fife.  It  is  less  constant  in  character  than  the 
Levenseat  and  Gair  Limestones,  and  its  fossils  are  not  s<j 
well  known.  So  far  as  1  have  had  the  opportunities  of 
examining  the  Ostracoda,  they  differ  from  those  of  View^forth, 
owing  to  the  prevailing  species  belonging  to  such  types  as 
Beyrichia,  Uhn<'hui,  and  Kirkhya,  instead  of  to  Bairdia  and 
Gytherella. 

But  it  has  been  pointed  out  to  me  by  Mr  B.  N.  Peach  that 
the  Index  Limestone,  besides  being  eveiywhere  thin  and  in- 
conspicuous in  Fife,  is  usually  associated  with  volcanic  ash  :  and 
that  recent  evidence  from  bores  shows  that  the  adjacent  inter- 
stratified  ash  and  agglomerate  on  the  flanks  of  Largo  Law  are 
somewhere  about  its  position.  Hence  it  is  probable  that  the 
peculiarities  observable  in  the  Viewforth  fossils,  including  the 
dwarfing  of  the-  MoUusca  and  Ostracoda,  are  due  to  the  un- 
favourable physical  conditions  that  prevailed  about  this  period 
of  Carboniferous  time  in  the  Fife  area,  and  more  especially  in 
this — the  Largo  Law — portion  of  it.  So  that  it  seems  likely 
that  the  shale  containing  the  fossils,  if  not  the  exact  equivalent 
of  the  Index  Limestone,  is  a  local  marine  bed  that  comes  in 
somewhere  near  that  horizon. 

I  see  nothing  to  add  to  this,  and  therefore  adopt  Mr  Peach's 
views,  more  especially  as  to  it  possibly  being  a  local  marine 
horizon  near  the  Index  Limestone  rather  than  exactly  represen- 
tative of  it ;  for  the  next  known  marine  zone  is  below  the  lower 
coal  series,  and  about  1000  feet  beneath  the  Index  Limestone, 
which  seems  to  be  too  far  down  for  the  Viewforth  strata,  when 
there  is  no  evidence  of  the  presence  of  the  lower  coals  in  the 
district  between  Viewforth  and  the  Levenseat  Limestone  at 
Tomsford. 

The  approximate  position  of  the  strata  on  the  south  or  dip 
side  of  the  Temple  fault  is  rather  more  easily  arrived  at,  for 
the  upper  red  beds  of  the  Coal-measures  (d^'  of  the  Geol.  Sun'.) 
come  on  in  regular  order  a  little  west  of  Largo  Harbour,  fol- 
lowing the  same  easterly  dip  as  the  workable  coal  portion  <>f 
the  same  series  (d^  of  the  Geol.  Surv.)  that  is  exposed  for  a 
thickness  of  170  feet  on  the  east  side  of  the  fault  and  ash  neck 
at  Drummochie.  For  about  1100  yards  along  the  shore  these 
upper  red  beds  are  seen  more  or  less  clearly ;  at  first  with  a 
fairly  steep  dip,  and  afterwards,  in  front  of  Lower  Largo  village, 
with  an  easier  inclination ;  though  the  whole  section  is  never 
sufficiently  uncovered  to  make  exact  measurement  possible. 
Partly  by  actual  measurements,  nnd  partly  by  estimated  dip, 
their  thickness  has  been  made  out  to  be  fully  500  feet.  This, 
added  to  the  lower  or  workable  coal  portion  of  the  Coal- 
measures,  the  Millstone  Grit,  and  the  Carboniferous  Limestone 
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series  down  to  the  Index  Limestone,  brings  the  throw  of  the 
fault  out  as  follows : — 

Feet 
, ,    1  f  Red  beds  .500 

^^^■°^^^^^n  Workable  coal.  .       600 

MQlstone  Grit  .  .300 

Carboniferous  Limestone  Series  to  the  ln(U*x 

Limestone  ....     1000 


2400 


This  amount  of  throw  is  obtained  on  the  assumption  that  the 
lower  portion  of  the  Coal-measures  and  the  Millstone  Grit  are 
less  developed  in  this  region  than  further  to  the  west.  There 
is  good  evidence  that  the  former  is  less  than  half  as  thick 
from  the  base  of  the  Eed  beds  down  to  the  Chemise  coal,  at 
Drummochie,  to  what  it  is  at  Wemyss.  But  for  the  measures 
below^  the  Chemise  coal,  and  for  the  Grit,  it  can  only  be  said 
that  I  think  they  probably  follow  the  same  process  of  thinning 
out.  Had  the  maximum  thickness  of  these  Upper  Carboni- 
ferous strata .  l)een  taken  as  seen  about  Wemyss  and  Dysart, 
and  as  given  in  the  "  Vertical  Sections  Illustrative  of  the  Coal 
Fields  of  Fife,"  by  J.  S.  Grant  Wilson,  the  drop  on  the  west 
side  of  the  Temple  fault  would  have  come  out  as  about  4400 
feet. 

The  Fomminifera  in  the  preceding  List  of  Fossils  were  deter- 
mined by  Professor  T.  Rupert  Jones, — ^who  also  assisted  in  the 
(leterminaticm  of  the  Entomostraca. 

Xole, — Since  the  reading  of  this  paper,  marine  shells  {Prodiwlu8y  sp. )  have  been 
found  in  a  shale  that  outc-rops  on  the  east  side  of  the  little  den  that  runs  up  by 
the  Serpentine  Walk,  Largo.  This  locality  i:i  about  600  yarils  north-west  of  the 
fossiliferous  beds  at  Viewfortli,  and  in  the  same  series  of  strata,  though  evidently 
rather  higher  in  position.  Tlie  shale  is  red  and  only  a  thin  band,  and  has  a 
sand.Htone  (also  red)  overlying  it. 
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LX. — Note  on  the  Feldspars  of  Canisp, 
By  James  Currie,  M.A..  F.RS.E 

(Read2l8t  Aprill898.) 

Every  visitor  to  Loch  Inver  in  Sutherland  is  familiar  with  the 
red  porphyry  of  Canisp.  Ice-borne  blocks  are  to  be  seen  all 
along  the  shore  of  the  loch,  in  the  bed  of  the  Canisp  Bum,  and 
built  into  nearly  every  wall,  where  their  bright  red  colour  and 
large  embedded  crystals  must  attract  the  attention  of  the  least 
observant.  These  crystals  have  been  very  fully  described  by 
Professor  Heddle ;  and  it  is  with  some  diffidence  that  I  com- 
municate this  note  of  a  single  short  day's  gleaning  in  a  field 
where  he  has  harvested. 

The  two  feldspars  present  in  this  rock  are  Orthoclase,  and 
a  plagioclase  that  may  fairly  be  classed  as  Albite,  although  it 
contains  a  small  proportion  of  lime.  Owing  probably  to  the 
presence  of  this  constituent,  the  Albite  weathers  with  markedly 
greater  ease  than  the  accompanying  Orthoclase.  With  still 
greater  ease  the  paste  in  which  the  feldspars  are  embedded  de- 
composes into  a  red  clay,  from  which  the  crystals  can  readily  be 
extracted. 

The  Orthoclase  of  Canisp  occurs  in  distinct  and  well 
developed  crystals  up  to  about  20  mm.  in  length.  The  pre- 
dominant forms  are  b,  c,  m,  with  o  and  y  always  present,  but 
always  subordinate.  Dr  Heddle  says  that  the  form  Zy  truncat- 
ing the  edge  6/m,  occurs  only  occasionally.  It  is  often  diflScult, 
because  of  the  rounding  of  the  edges  of  the  crystals,  to  deter- 
mine with  certainty  the  presence  of  narrow  faces  such  as  these, 
but  this  form  seems  to  be  shown  by  about  20  per  cent,  of  the 
crystals  that  I  gathered  from  immediately  below  the  summit. 
The  only  other  form  mentioned  by  Dr  Heddle  is  g.  This  I  did 
not  observe  on  any  of  my  specimens ;  but  many  of  these 
seemed  to  show,  more  or  less  obscurely,  a  truncation  of  the  edge 
hjc  by  the  form  n.  About  15  per  cent,  of  the  crystals  from  the 
summit  were  interpenetration  twins,  so  that  there  at  least 
these  cannot  be  said  to  occur  "  somewhat  rarely."  They  are 
generally  of  the  ordinary  Carlsbad  type,  with  the  twin-plane  a : 
but  in  one  instance  the  crystal  was  twinned  on  m  (110). 
Examples  of  this  rare  law  have  hftherto,  so  far  as  I  know, 
l)een  reported  only  from  the  Eiesengebirge,  the  Fichtelgebirge, 
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and  Cornwall :  it  is,  at  any  rate,  exceedingly  rare.  The  annexed 
figure  will  serve  to  show  the  manner  in  which  the  individuals 
are  united.  I  am  indebted  to  Professor  Hintze  of  Breslau  for 
the  recognition  of  the  law  of  twinning  in 
this  case. 

There  are  considerable  variations  in  the 
relative  frequency  of  the  two  feldspars,  and 
as  a  rule  the  Albite  crystals  are  not  nearly 
so  numerous  as  those  of  Orthoclase.  Low 
down  on  the  north-west  slopes,  however,  I 
picked  up  one  small  and  much  decomposed 
block  about  20  cm.  in  diameter,  from  which 
the  feldspar  crystals  could  be  extracted  with 
little  difficulty.  This  block  yielded  Albite  only.  Although  in 
such  close  proximity  to  one  another,  the  crystals  varied  among 
themselves  both  in  the  forms  present  and  in  habit.  They  also 
differed  to  some  extent  from  those  already  described  by  Pro- 
fessor Heddle. 

In  the  first  place,  apparently  simple  crystals  were  not  un- 
common. These  showed  the  combinations  bcviMy.  .  ,  f  ,  .  z 
,  .  fz.  Neither/ nor  z  occurred  on  Dr  Heddle's  single  simple 
crystal,  which  however  bore  three  other  faces  not  observable  on 
any  of  my  specimens.  Some  of  these  were  squat  and  thick, 
but  the  majority  were  thin  tabular  parallel  to  h. 

Out  of  a  score  of  crystals  obtained  from  the  little  boulder, 
two  were  interpenetration-twins  corresponding  to  Carlsbad 
twins,  the  combinations  being  hcniMy  and  hcmMyfz}  The 
latter  specimen  is  unusually  large  for  this  locality,  being  over 
2  cm.  in  length.  Many  other  specimens  show  contact-twinning 
according  to  the  same  law. 

Where  the  Orthoclase  is  penetrated  by  Albite  crystals,  as  it 
not  rarely  is,  the  similar  orientation  of  the  two  crystals  is  well 
seen.  The  brachypinacoids  of  the  two  crystals  are  parallel,  as 
are  the  edges  mim  of  the  Orthoclase  with  mjM  of  the  Albite. 
The  basal  planes  are  either  parallel  or  inclined  at  an  angle  of 
about  53*,  as  if  the  two  crystals  were  twinned  according  to  the 
Carlsbad  law. 

The  same  intimate  relation  between  the  two  minerals  is  even 
more  strikingly  shown  by  the  manner  in  which  the  Albite  is 
sometimes  intergrown  with  the  Orthoclase.  It  thus  occasionally 
forms  not  only  a  mere  sheath  as  described  by  Professor  Heddle, 
but  an  integral  part  of  a  compound  crystal,  portions  of  the 
Orthoclase  crystal — ^irregular  in  outline,  but  bounded  by  planes 
parallel  to  the  faces  (actual  or  possible)  of  the  latter — being 

1  The  letteriDg  employed  here  to  denote  the  crystal  faces  of  the  two  feldspars 
is  that  used  by  Dana  in  the  6th  Eflition  (1892)  of  his  System  of  Mineralogy. 
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absent,  and  these  parallelopiped  or  wedge-shaped  portions  being 
occupied  by  Albite. 

This  substitution  of  Albite  substance  for  Orthoclase  seems  to 
me  to  be  not  perhaps  a  proof  but  a  strong  indication  of  the 
crystallographic  similarity  of  the  Potash  and  Soda  Feldspars, 
and  so  far  as  it  goes  it  supports  the  views  of  Mallard,  Groth, 
Brogger,  and  Hintze,  as  to  the  essential  identity  of  so-called 
"  Ortho  "-clase  with  Microcline. 

So  far  as  regards  the  order  in  which  the  two  minerals  were 
formed,  it  would  hardly  seem  to  have  been  (as  Dr  Heddle 
appears  to  indicate)  first  the  Orthoclase  and  then  the  Albite  : 
but  rather,  first  Orthoclase  alone,  then  Orthoclase  and  Albite, 
and  finally  Albite  alone. 

That  it  has  been  possible  to  add  anything  at  all — however 
minute  in  this  case  the  contribution  may  be — to  the  minemlog)' 
of  a  district  specially  studied  by  Professor  Heddle  is  a  further 
proof,  if  such  were  needed,  that  in  no  case  should  the 
mineralogj'  or  geology  of  any  part  of  the  country  be  con- 
sidered as  exhausted.  A  careful  search  will  often  reveal,  even 
to  the  comparatively  inexperienced,  points  of  interest  which 
have  escaped  the  notice  of  the  most  illustrious  predecessors. 
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